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Severe limitations to theamount of both timeand monevavailableforeach and everv 
subject seems to be characteristic of all echelons of tea&ing establishments. ~ e l t r o n  
Research and Desian staff areacutelvconsciousof this and atevervdesian staae thev 
are guided by the~iachers needs. our aim isto producedidacticalysou~d equrpment 
of high aualitvat economic urices. The world-wide demand for Teltron auuaratus is 
adequate tesiimony to thesuccessof our philosophy. 
TEACHING ATOMIC PHYSICS 
The subject of Atomic Physics cannot be taught or learnt in depth in one single school 
grade or one university year. With the helpof teachers. lecturersand researcners in 
modern physics, Teltron has prepared a programmeentitled "TheTeltron Approach 
T o  A tomic  Physics" with theobject of achieving beiter subject penetration in the 
minimum time without usina a lot of aouaratus. It isdivided into a numberof 'Series'. 
each of which provideguid&ice on su'iiable'starting'and 'stopping' pointsforthose 
resuonsible for ~reuarina svllabuses and curriculae. Thev mav also be considered as 
suitabledivisions for phased purchaseof the relevant apbaratus. 

TELTRON SERIES A-The production and properties of the free electron. 
TELTRON SERIES B-A concept of the electron within the atom. 
TELTRON SERIES D-The production, properties and uses of X-rays. 
TELTRON SERIES C-The production, properties and uses of radioactivity.* 
TELTRON SERIES Q-The Quantum Theory.* 

(*series in preparation) 
Also available are the following illustrated catalogues :- 

OTELTRON TUBES 
A comprehensive and unique range of evacuated, gas-filled and demountable tubes 
designed and manufactured to  suit the contemporary requirements of the teaching 
and learning of Atomic Physics. 

~ T E L T R O N  X-RAY EQUIPMENT 
More than 10 years research is embodied in this range of X-ray equipment which 
has internationally pioneered the teaching and learning of the phenomenon of 
X-rays in all grades of educational establishments. 

T E L T R O N  ELECTRONIC UNITS 
A unique series of electronic accessories designed for use as polarising and 
monitoring modules in conjunction with the Teltron ranges of apparatus. 



Teltron tubes have been designed with the development of the pure physics argument very much in mind. Each 
experiment in the series is able to demonstrate particular properties of the free electron produced within the tube. But 
in order to achieve maximum value all tubes wherever possible are provided with features enabling experiments to be 
performed which illustrate theapplication of phenomenom to Chemistry, Engineering and Technology. 
THE lNTRODUCTlON TO ATOMIC PHYSICS 
A knowledge of the electron is fundamental to the understanding of atomic structure. The use of Teltron tubes and 
their accessories enables the teacher to provide the student with a clear grasp of the nature of the electron, leading 
to a proper understanding of positive ions, radioactivity and X-rays. 
TELTRON MODULAR CONCEPT 
A number of basic Standards have been evolved embracing dimensions, connections (4mm) and electrical supplies 
for polarising, filaments and magnetic fields. All Teltron tubes, except the demountable ones, embody a spherical 
experimental zone 13.5 cms. diameter, and a cylindrical neck containing the electrode assembly. Teltron Electronic 
Units type, TEL 800, TEL 801 and TEL 81 3 have been designed to provide the supplles required by the tubes and 
voltagesand currentscan be accurately d~splayed 
SIRnPLICITY OF OPERATION 
Because the range of Teltron Educational Equipment is standardised, interchanging apparatus is rapid and the time 
needed to set it up is very short. The arrangement of Teltron equipment is straightforward and "breadboard clutter" 
is avoided thereby focussing the pupil's attention on subjective features of the experiment. The size and low ccst 
makes Teltron equipment entirely suitable for demonstration to both small and large audiences and for practical work 
by groups or by individuals. 
SAFE TO U S E  
All Teltron equipment is electrically safe. All Teltron tubes utilise thermionic emission of electrons which not only 
simplifies the presentation and understanding of the physics argument but has another very significant advantage; 
the use of a hot cathode enables the tube voltage required for any experiment to be limited to a maximum of 5.000 
volts d.c. :secondary radiation produced at voltages of 5,000 and below is of such low energy that it will not penetrate 
theglassenvelopesand thus ALLTELTRON TUBESARE RADIATION SAFE. 
RELIABILITY A N D  VALUE 
Rugged designs using high quality materials are the basic ingredients of the renowned Teltron reliability enhanced by 
carefully controlled manufacture and stringent testing and inspection. Modern production methods also ensure 
lowest possible manufacturing costs. Taking into account these factors: not forgeting the unique contribution 
Teltron apparatus makes to learning situations, all in  all it representsoutstanding value for money. 
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Designed to accommodate the whole range of Teltron tubes and accessories. the Universal Stand provides unimpeded access to all plug and 
socket connections and gives a clear view of the experimental zone. 
The vertical stanchion is die-cast, integral with the plinth, in aluminium and stove-enamelled in Teltron Blue: the jaws, clamped in the stanchion 
cavity are made of heat-resistant plastic and provide good electrical insulation. Any tube can be mounted in the stand by placing the neck within 
the stanchion cavity and springing the side caps of the experimental zone sphere into the jaw clamps; any tube thus mounted can be rotated 
through 360' about an axis which Is 25 cms above the table top. 
The stand is mounted on 3 rubber feet, has overall dimensions 34 cms high, 18 cms wide, 30 cms long and weighs 2 kg. 

. , 
These rnagnetising coils, supplied in pairs, when mounted on the Universal Stand as illustrated above, automatically provide an Helmholtz 
configuration, where the coil radius is equal to the coil separation. 
Each coil has 320 turns of 22 swg enamelled copper wire wound on a plastics former of 13.6 cm mean diameter. The terminations are 4 mm 
sockets and 'start' and 'finish' is indicated. 
Continuous Operation-30 oersted (12 volts d.c., 1.OA). Short-Term Operation-45 oersted (18 volts d.c., 1.5A). 
Use TEL 800 L.T. Fower Unit or batteries. Accessories required-15Q. 2A Rheostat. 

THE COMPLETE ASSEMBLY 
The photograph above illustrates a typical assembly in which a tube is mounted on the Universal Stand and the experimental zone sphere is 
contained within the Helmholtz Coils to obtain magnetic deflection of a cathode ray beam. 



illustrating thedischarge tube 
mounted on the liniversal Stand 

evidence of oositive as well as neoative charaes ~~ ~ .~ ~ 

tlw nature 01 g3sco.s n scrlaryes ;,I v3.0-s prtss.rcs an<] vo rages 
11 "C 0"s maqner r: oe1lrt:r on nd cat ng more masswe pos' 

"c~nal-ray" lumnnescence, mean free-path . colour depends on gas filling. 
At each end of the tube is a phosphor-coated flanged glass bulb; the 
main discharge tube is 13 crns long, has a bore diameter of 1.5 cms and 
is made of glass with flanged ends. The electrodes and the 4 mm plug 
terminations are housed in the two ~ l a n i c s  su~oorts which also . . 
contain the flanoe-retainina rubber cuos and the vacuum seals: these ~~ ~ ~~ -~ ~ ~ " ~~~~ ~ . ~ ~ ~ 

two suppons provide the means for mountfng the d scharge 1-oe in the 
,aws of the Universal Stand. A prcclslon needle-valve is also ncluded 
which mounts w11ntn the stancnon cavity of the stand and is se f -  
located. 
Overall length 28 cm5 Vacuum required 5 x 10-storr 

Polarising supplies 2000-50W volts d.c. (typical dischargs current 1.2 milli-amps) 
Use TEL813 kV Power Unit 

Alternative glass components which convert TEL 530 into a spectral 
source, for slit or intense illumination end-on viewing. 
A fine capillary tube, bore diameter 0.1 5 crns, replaces the central 
discharge tube and two glass end-plates replace the flanged and 
screened bulbs. 
Overall length 17 crns. 
Vacuum and Polarising equipment as for TEL 530. 

As an introduction to  atomic ohvsics a "Thermionic Effect" exoerlment is often . , 
performed in an attempt to make the movement i f  charge due io electric current 
become sufficiently vlolent as to completely liberate the charger. 
TheTeltron Thermionic Effect Kit comprises six replaceable nichrome wirestrips which 
can be mounted by means of 2 insulated 4 mm plugs across the end of the Universal 
Stand Jaws; with the Jaws rotated through Sooths wire passer horizontaliy acrossthe 
iniuction plate or loop of an electroscope. When current is passed. the wire glows 
red-hot and the effect on both a positively and a negatively charged electmscope can 
be studied: the experiment indicates that some form of charge has been liberated and 
that to achieve conclurive results the work must be repeated in a vacuum: this 
i n f l ~ d ~ ~ e ~  the first exoeriment oerformed with the Planar Diode. TEL 520. 
Polarising supplies-6.3 volts, 0.3 amps. 
Use TEL800 L.T. Power Unit 
Accessories required-Gold-leaf or similar electroscope 

When mounted on the upper arm of the Universal Stand and in 
between the Helmholtz Coils, this Secondary Coil provides a cross 
magnetic field. This field can be used to introduce horizontal deflection 
of a cathode ray beam and thereby demonstrate the basic principles 
of a Cathode Ray Oscilloscope. 
The coil has 1000 turns of 22 swg enamelled copper wire lap wound 
on a plastics bobbin; the ends are terminated by two 4 mm sockets 
marked A and 2; a tongue fixed to the bobbin locates and locks the 
coil on one side-arm of the jaws of the Stand. 

MAXIMUM CURRENT-2 amps. Use TEL800L.T. Power Unit 



I.. .. I - rr+- -  -. - 0 0 .  . - : '  - -  : ' ' ' ' . phenomena o f  thermianic effect h vacuum 
the Edison effect and space charge 
for fixed temperature, charge flow depends on 
electrode potential difference . "saturation" current depends on filament temperature . evidence of unilateral f low of charge 
determination of e lm by magnetron method (use TEL 502) 
application of diode as rectifier 
characterinic curveIalVa, Three Halves Power Law . filament temoerature nudies. Richardson-Dushman and Stefan ~~~ ~. 

The Planar Diode consins of a pure tungsten wire filament and a circular plate 
within a n  evacuated. clear glarr bulb. the inside of which has been made electrically 
~0"d"~t i" .  to eliminate external electrostatic field effects. The filameotterminallon~ are 

Polarising supplie5-Optimum plate voltage 500V. Maximum filament voltage. 75V. 
Typical plate current. 3 mA. 

UseTELBOl H.T. Power Unll 

L 

establishment of direction of charge flow 
concept of a cathode ray gun (diode electron gun) 
application as an amplifier 
application as an oscillator (use TEL 502 Coils). 
anode and mutual characteristic curves. 

Tne P ,mr 1% ode ir essanla . me P , l .  U one * ~ t h  s oafs (el w,tt. yt .I rtsrpore3 
oetneen inr ~..lhode 2nd anodr c c c t r o , ~ ,  i! e gr o r conne~tcd no I d mm 6 .q 
"O,"lbll on 0 ° C  OI in0 p . I t  C1 ..dr-c,,l$ 
As n in  ih r  u oao the folm ol conarlu .,n c clrrasoann% n i n  the cu#b*enl onai t r  or.. 
symbol: the performance of the large geometry cbnfiguration has been improved by 
attaching to one of the filament leads a circular backing disc to provrde a more 
uniform electric field between the cathode and anode electrodes. 
Palarising suppl8es-Optimum plate voltage 500V. Maximum f~lsment voltage. 75V. 

Typical plate current, 0.35mA. 
UseTEL801 H.T. Power Unit 

. establ~shment of the cathode raw aun (diode electron auni . . . cxc la1 on of "rn i,r.Sceilc.a uv . 1r.l v L, gnt 
exc tar on w.tnoit on sdt on nu cn3rgc m itc:n 
pers strncr: an0 nfra-rea quencnlng 
the meta-stable state of excitation 
different colours, analysis spectroscope 
introduction of concept of excitation potentials. 

The Luminescent Tubecomprises a simple diode electron gun in a cylcndrical neck and 
three mica flags coated with different phosphors mounted on a metal support and 
located in  the centre of an evacuated spherical glarr bulb. 
The diode gun, a tungsten wire"hair~pin" filament and a cylindrical anode, projects a 
wide beam of cathode rays into the experimenlsl zone and this beam is intercepted by 
the phorphar screens. Filament connection is by two 4 mm rockets and the anode 
and the phosphor fiagr are each connected to 4 mm plugs mounted on plari#Cs 
=iA--""- ""v". 

Polarising rupplier-Anode Voltage, 2000-5000 Volts. dc.  
Maximum Filament voltage. 7.5V. 
Anode Current at 4000 volts. 1.8mA. 

Use TEL 813 kV Power Unct 

lmear ~rooooation of cathode ravs , ,~ "~ ~~ ~~~ , - . deflection by a magnetic field, a particle-nature effect 
electrostatic charging. image distortion, a particle-nature effect 
introduction to electron optics, inversion, magnification. reduction, 
aberration, a wave-nature effect (use one coil of TEL 502) 
comparison of cathodic stream and electro-magnetic radiation 
postulation of the de Broelie theow of dualitv. 

The diode gun, a tungsten wire "ha~r.pin" tilament and a cylindrical anode. projects a 
wlde beam of cathode rays into the evacuated experimental zone: a beam 01 light from 
the hot filament isalso projected into theexperimental zone: comparisons can therefore 
be made of the respective shadows cast on the lumlnercent screen by the interceptlo" 
of both beams by the Maltese Cross. 
The filament is connected to two 4 mm rockets in the end~cap; the cylindrical 
anode and the Maltese Crorr are each connected to 4 mm plugsmovnfed on plastics 
 ill^.^-"" """". 
Palarising supplias-Anode Voltage. 2000-5000V d.c. 

Maximum 18lament voltage. 7.5V. 
Anode Current at 4000V. 1.8mA. 

Use TEL813 kV Power Un,! 



- 

evidence o f  t h e  oart lcular nature o f  cathode ravs 
~ s t ~ r .  srlnlr:nl 01 n r g n t . t t  r. $2,) i,f rnn.g%: 
rltro<!uulton o l  tne  ' ? lcc l rco a, .dn a l l m l c  panicle 

r ecl ror l  de l lec t  o n  sens I I t v  s1.u es 
t h e  concep t  o f  a "t ime-base" . opera t ion  o f  a ca thode  ray osc i l loscope . simp le  Lissajous' figures. 

. . 
plalt#cs side-caps. 
Polarising supplies Use 
Anode Voltage. 2000-5000 volts. d.c. TEL 813 kV Power Unit 
~ a x r m u m  filament voltage. 75V. 
Anode Current at  4000V 1.8mA. TEL 502 Helmholtz Coilr 
Beam current at  4000V. 4 P A  TEL 507 Secondary Coil 

electron def lect ion b y  magne t i c  a n d  electr ic f ields. . determinat ion o f  e l m  b y  ba lanced def lect ions . m o r e  accurate determinat ion b y  magnet ic  def lect ion a lone  

the  electron mirror, t rochoida l  spirals 
ve loc i ty  d is t r ibut ion a n d  magnet ic  focuss ing 
beam divergence with a n  alternating magne t i c  f ie ld .  

The diode electron gun. a lungsten wlre "hair-pin" filament and acylindrical sollimat. 
ing anode. projectsa narrow ribbon of electrons into theevacuated experimental zone; 
the metal plates support the phosphor-coated mica sheet to intercept the ribbon of 
electrons at 150 with respect to the axis of the beam: pnnted on the opposite side of 
the mica is a centimetre graticule whose centre-line zero lies along the axis of the 
undeflened electron beam. 
This configuration makes virible the path of the electrons as the beam asverses the 
experimental zone: deflections of the beam caused by the elentic field between the 
lnlernal parallel plater or by a magnetic field applied externally by means of the 
Helmholtz Coilr. TEL 502. are clearly defected and displacements relative to the 
undeflected beam can be easily recorded. 
The filament terminations are 4 mm sockets and connections are made by 
4 mm plug5 and rockets 
Polariring ;upplies Use 
Anode Voltage. 1500-5000V d.c. TEL8t3 kV Power Unit 
Maximum Filament volfage, 7.5 Volts. TEL 502 Helmholtz Coilr 
Typical Anode Current. 1 m A  

s t u d y  o f  t he  de Bragl ie  hypothes is  . an opt ica l  analogue o f  e lect ron d i f f ract ion ( s e e  ~ ~ ~ 5 5 5 ~ 1  
de tec t i on  b y  r i n g  patterns. Planck's constant  
var ia t ion o f  "wavelenoth" w i t h  anode  vo l taoe ., . vcrt l  ca t l on  o f  t n c  rlc Urogl  e r lypulrtesls . estan snmcn t  o f  t he  d u a  nature of I n *  e lect ron . calc.. a t  on o f  spac n g  o f  d ~ l f r a c t ~ n g  p lanes . re-assessment o f  supposed  ca rbon  a t o m  crystal arrangement. 

The electron gun uses an indirectly-heated oxide-coated cathode and projects a 
converging narrow beam of electrons throuah a thin laver of arachitised csrbon which 
is supportid on a fine mesh grid over the eiit apenureof th igYn assembly. Electrons 
diffracted during tranrmirrion through the carbon traversethe evacuated experimental 
2008 to impinge on the luminescent screen in ring patterns, the centre of the rings 
being the spot caused by the ""diffracted elecfrons. 
The brightest rings are caused by diffraction at  the planes ,n the carbon aomr 
separated by 1.23 and 2.13 ang~troms. dl, and dro respectively. The filament heater 
assembly is terminated a t  two 4 mm sockets in the end-cap and the anode assembly is 
connected to a 4 mm o1uo mounted on a ride-eao. . " ~ ~~-~ 

Polarising S~pplie. 
Anode Voltage 1,500-5.000 volts d.c. Use 
Filament Voltage 5.0 to 9.0 V a.c.1d.c. as TEL813 kV Power Unit 

L... I 
- +----Z--~~-S-~~:---&~A~&~*~~<~~'-- . narrow v is ib le  electron beams 

mean  free pa th  s tud ies a n d  unstable beams 
ve loc i ty  focuss ing a n d  gas  mul t ip l icat ion 
pr imary a n d  higher orders o f  ion isat ion 
loss of energy i n  a spiral  p a t h  . measurement  o f  "assumed circular p a t h  e l m  . secondary emiss ion a n d  phosphor  screen "blanking" . int roduc t ion  to plasma techno logy  

The electrons emitled by the indiretly heated oxide coated Cathodes are projected hom 
the two identical guns in the form of a narrow pencil beam and these beam can be 
ac~urately frscsd within the helium gar as a green glow due to the emission of energy 
during the collirion processes experienced by the electrons. The angle of projection 
from the guns can be modified by applying a potential across miniature deflecting 
plates, loceled just beyond the emission apenurer. The filament. heaters are 
terminated at s two-way switch and two 4 mm rockets in the grey plastics end-cap: 
the anodes and deflecting plater are connected to two 4 mm plugs mounted on grey 
plastics ride-caps. 
Polarisin0 nmnllec . ....- ..7..... 
Anode Voltage. 0-300 V d.c. Use 
Anode Current. 10-2OmA TEL8Ol H.T. Power Unit 
Heater Voltage. 6.3 V, 0.3 a TEL 502 H e l m h o l ~  Coils 
Deflector Voltage. 0-25 V d.c. indicated on each tube. 

0 7 - 0 4  4 



theIa/Va Diode Characteristtc. no saturation . occurrence of gaseous glow at a discrete potential 
t h e  Thermianic Effect in gas. no rectifier effect 
t h e  Cold Cathode Discharge, positive ions . collision processes, energy absorption and emission 

ultra-violet excitation . spectroscope studies, lines dependent on potential difference . introduction of excitation potentials . anode and mutual characteristics. the thyratron 
the principles of a relaxation oscillator. 

Identical in  construction to the Planar Triode. TEL 521 but having grey plastics caw 
instead of black. to indicate the presence of helium gar within the sealed tube. 
The gaseous glow can be made sufficiently intense to analyse the spectral lines using 
a standard school spectroscope. 
The filamenucathode is terminated at  two 4 mm rockets in the grey plastics end cap 
and the grid and anode electrode9 are each connected to4 mm plugs mounted on grey 
D I s s ~ ~ C E  Side-CBPS. 
Polarising supplies 
Maximum Anode Voltage, 400 V d.c. Use 
Anode Current at 300 V. 10 mA. TEL801 H.T. Power Unit 
Maximum Filament Voltage. 7.5 V. 

electrical detection of exctatlon potentials, Hertz. . no oven required 
measurement by oscilloscope, 3 energy levels + ionisation 
measurement by spot galvanometer, 3 to 4 energy levels + 
ionisation 
measurement bv ~otentiometric recorder. UD to 6 enerav levels , , . . -. 
evidence of meta-stable states 

 experiment^ with the Gar-Filled PlanarTriodereveal that energvexchangestake place 
l h r o ~ g n  non.c .$.t r col ~nonr I,I.I !I>. relo JI on s not 5.11 r en, lo show the ~ X ~ S I C ~ C C  
01 ,no d.:, . ~ a r q ,  e r c ~ ,  electmnr n rn ., narcow energ, r c ~ t v , c ~  are necerrar. 
lne  Cr loc3 Poli( l a  r 1 .a has the nr Je s.#lace ol inr o 13% 0. e coal:o u i n  a 
trsnsparent conducting layer connected to the anode o l  a diode gun to creafe a field- 
free collision region. A hot cathodeemits electrons in a narrow cone determined by 
the exit aperture in the anode. The collector is a wire ring so positioned that if cannot 
receive electrons direnly from the cathode. 
The tube contains helium at low pressure. 
The collector ring is made positive by a few volfs with respect to the anode; the 
collector attracts electrons which have been scattered bv collision orocesser out of the 
main beam and. in contrast to the clarrical ~ranck1~e;tz and ~ & t z  experiments. the f ~ o l i e ~ t o r  Currenf exhibits ~ e a k r  bv collecrina. rather than re~ellina. the low enerqv . . 
electrons when their popuiation is'at a maximum. 
The filamenticathode is terminated st two 4mm sockets in the grey plastics end cap 
and the anode and collector ring are each connected to 4mm plugs mounted on grey 
p l a ~ t i c ~  ride-caps. 
Polarising p up plies Use 
Maximum Anodevoltage. 50Vd.c. TELBOl H.T. Power Unit 
Anode Current at 30V. 2mA 
C~llector Voltage. 3 to 6V d.c. 
Filament Voltage. 5 to  7'1. 

The nature of the diffraction effect from a carbon "grating" can be investigated optically by passing a beam of light through a 
close-meshed rectangular grid. 
A coloured cross pattern. including many orders of optical diffraction, is observed indicating that the grid is acting 
as two line gratings perpendicular to each other; this phenomenon is familiar to the student. If however a more or less random 
nature is to be simulated, the grid can be rapidly rotated, when the cross patterns will be seen to fuse into concentric rings. 

The dependence of the pattern on wavelength can be tested by viewing in red and green light. when the diameter of the 
rings is seen to decrease significantly with a decrease in wavelength from red to green. 
The k ~ t  comprlsrs an alum~nnum d sc mounted on a hollow shaft whlch rotates in a oall race in a plast,cs nolocr 
Tne holder can be mounted in the bacr, of the Ranchron cavlty of tne Universal Stanfl Located In the bore of the snaft is 
a recl llnear 20 mesh mm grad lncluoed also are a red and green fllter and a m cro-colltmator for .se wlth a 35 mm proleclor 










