
'T ’H IS  m agazine is designed to present students w ith  current news and 
 in form ation  a ffecting the field o f Electronics. Articles dealing w ith 
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ROBOT TELEPHONE
R eprin ted  by courtesy o f “ Radio News” (U .S.A.)

In  last m onth ’s issue o f “ Service” we made brief mention o f the 
“ Ipsophon” robot telephone. W e now  have pleasure in presenting a 
much m ore detailed description of this interesting device. Th is article

A t an all-inclusive rental fee of 
about 40 dollars a month, Am eri
cans w ill share before long w ith 
the Swiss and the rest o f the world 
a robot telephone which electron ic
a lly answers, remembers and re
veals messages recorded autom atic
ally during one’s presence in, or 
absence from, home, office or store.

Th is extraordinary device, called 
the Ipsophon, is connected w ith 
the public telephone system in  the 
same way as the ordinary telephone 
apparatus but, in addition to pro
vid ing the customary communica
tions facilities, acts as a depend
able, critical tw o-w ay brain to 
everyth ing com ing through the line 
when the receiver is not picked up 
a fter the bell has rung four times 
in  succession.

The equipment described was in 
vented, developed, and perfected 
fo r  everyday use by a team  o f en
gineers and physicists a t the R e
search Division o f the Oerlikon 
M ach ine-Tool Works o f Buhrle & 
Company, near Zurich, Switzerland, 
and is currently being produced in 
serial manufacture for installation 
throughout the network o f the 
Swiss Telephone Service. 
PR IN C IPLE S  OF O PERATIO N .

The basic concept o f the 
Ipsophon, is neither new nor spec
tacular. Projects to extend and 
am p lify  the communications fa c il
ities o f the ordinary telephone in  
respect to time and space have 
been discussed frequently in  the 
past and are as fam ilia r to 
Am erican telecommunications en
gineers as to the ir European con

temporaries. In  fact, the earliest 
recorded experiments on telephono
graphs, as these devices were orig
inally  named, date back to the end 
o f the last century.

But progressive efforts to design 
a workable telephonograph which 
could autom atically accept incom 
ing calls during one’s absence, or 
whenever fo r  one reason or other it 
was inconvenient to answer person
ally, presented form idable technical 
obstacles in practical application as 
long as no really efficient medium 
was available fo r  recording, repro
ducing and cancelling the spoken 
word.

Recent progress in the recording 
o f sound fo r  news services, broad
casting and films, however, has led 
to the developm ent o f the m agnetic 
m etal tape or w ire recording pro
cess— a durable as well as practic
a lly noise-free sound carrier sys
tem— ideally suited fo r the purpose.

As is well known, the physical 
principle o f this process is based on 
the fa c t that longitudinal or 
transverse m agnetization o f a steel 
tape or w ire takes place as it  is 
drawn at constant speed past the 
poles o f electromagnets. Adapted 
to the recording o f messages in  the 
Ipsophon, the m agnetic sound sys
tem transform s the voice fre 
quency variations into current 
variations which are fed to the coils 
o f a small electromagnet. A  thin 
m oving w ire o f specially treated 
steel is drawn past this electro
m agnet and is m agnetized accord
ing to the current intensity in the 
coil. The w ire remains m agnet



Service, August, 1947 3

ized as long as desired fo r  repro
ducing the spoken word. W hen 
needed, these voice frequencies are 
passed on to the receiver fo r audi
ble reproduction in the earphones. 
The m agnetism  in the wire may be 
subsequently wiped out by m ag
netic cancellation.

Thus, there is no wear o f either 
the w ire or the reproducer even 
when the recorded messages require 
innumerable reproductions because 
cancellations proceed w ithout m e
chanical a lteration  o f the wire. In  
practical application, this means 
that a recorded message can be re
produced almost indefin ite ly  and a

wire reused fo r any number o f re 
cordings a fter prior cancellation.

Nevertheless, a telephonograph 
whose autom atically recorded mes
sages could only be heard by the 
subscriber through the device itself 
would, undeniably, make listening- 
in extrem ely tiresome and necessi
tate physical presence or the aid of 
servicing personnel.

T o  elim inate this contingency, 
and ensure that local and long
distance calls are communicated 
direct to the subscriber over the 
ordinary telephone at all times 
w ithout delay or unauthorized 
“ tapping,”  an ingeniously uncanny

Fig .  1. S c h e m a t i c  d i a g r a m  s h o w s  ope ra t ion  of m a in  
fu n c t i o n s  ( reco rd ing ,  r e p ro d u c in g  and  e r a s in g )  pe r fo rm ed  

by  Ip sophon .
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device is used, known as the acoustic 
code key.

This device operates not unlike 
the combination lock on a safe door.

For locking purposes, it  merely 
requires the pressing down o f selec
tive buttons on a self-locking, ten- 
number keyboard which m ay be 
arranged to form  any one o f 1023 
different possible cipher combina
tions.

On the other hand, to make the 
Ipsophon  reveal on call from  an 
outside telephone the message en 
trusted to it, the caller must give 
the previously selected cipher com
bination when ringing up his own 
number. Th is is done by him  acousti
cally by em itting two vocal impulses 
at g iven intervals o f time, which 
set in m otion electronically-con- 
trolled cams linked w ith  the sound 
carrier o f the call system, there
by activating corresponding relay 
and contact switches to open or 
close the appropriate reproduction, 
recording, or cancellation circuits. 
PR A C T IC A L  A PPL IC A T IO N

To illustrate the actual operation 
o f the Ipsophon, le t us assume that 
a Mr. Brown is expecting an im 
portant confidential call from  his 
friend and business associate, Mr. 
Black.

Before leaving his home, there
fore, he sets the acoustic code 
combination key on the Ipsophon  
to  form , say, the cipher 520.

Some tim e later, Mr. Black, on 
d ia ling his fr iend ’s telephone num
ber, receives no reply.

Undismayed, Mr. Black holds the 
line until the bell a t the other end 
has rung four times in succession 
and the instrument emits, o f its own 
accord, the words:

“ Hello, hello, . Th is is the resi
dence o f Mr. Brown (address fo l
lows) . Th is is Mr. Brown ’s Ipsophon  
speaking. Your call w ill be recorded 
automatically. Ready? Please start 
speaking n ow !”

From  that moment onwards, the 
instrument acts as Mr. B rown ’s 
proxy and fa ith fu lly  listens to 
everyth ing Mr. Black is saying, re
cording it  word fo r word, sentence 
a fter sentence.

As soon as Mr. Black has finished 
speaking and has replaced the re
ceiver, the line is clear fo r other 
callers.

Mr. Brown, who at about that 
tim e m ay be anywhere in or out of 
the country but still wants to know 
whether his friend  and/or anyone 
else has rung up during his absence, 
picks up a telephone and dials his 
own number.

W hen the connection “has been 
made, he hears the electronic voice 
em it the already fam iliar reply:

“ Hello, hello. This is the resi
dence o f Mr. Brown (address fo l
lows) . This is Mr. Brown’s Ipsophon  
speaking. Your call w ill be re 
corded autom atically. R eady?”

Im m ediately a fter hearing the 
word “Ready?,”  and before the in 
strument can proceed w ith  the last 
sentence, Mr. Brown says twice, 
very distinctly, the words “Hello, 
hello.”

Instead o f continuing the an
nouncement w ith  the phrase “ Please 
start speaking now !,” the Ipsophon  
this tim e emits, a t intervals of 
about two seconds duration, the 
range o f numbers . . .  1 . . .  2 
. .  .3 . . .  4 . . .  5 . .  .6 . . .  7 
. . .  8 . . .  9 . . .  0.

Rem em bering that the cipher 
combination he arranged on the 
acoustic code keyboard before leav
ing his home was 520, Mr. Brown 
passes this secret number on to the 
electronic robot acoustically by re
peating the words “ Hello, h ello” im 
m ediately a fter hearing each one of 
the relative numbers —  5,2 and 0 —  
coming from  the Ipsophon.

On completion o f this code num
ber, the instrum ent starts repeat
ing w ithout further ado a ll mes
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sages recorded during Mr. Brown ’s 
absence, reproducing separate calls 
in consecutive order o f call at in 
tervals o f from  2 to 4 seconds and 
announcing the end o f reproduc
tions by a h igh-pitched note. 
SPECIAL FEATURES

W hen reproduction o f a ll record
ings has term inated, the instrument 
again em its a buzz. I f  the caller, 
im m ediately a fter hearing it, em its 
two vocal impulses by saying “ Hello, 
hello,”  he can then dictate his ans
wers to the messages just received.

This tele-answering fac ility  is, of 
course, particu larly valuable when
ever the instrument is shared by 
two or m ore business partners liv 
ing miles apart in different locali
ties.

Equally, the tele-cancellation  of 
all recorded messages can be car
ried out w ith  the utmost sim plicity 
by m erely uttering the word “ Can
cel”  in to the m icrophone at the 
end o f reproductions.

Another notable feature o f the 
unit is the use o f two separate 
sound carrier communication units; 
the first o f these provides a record
ing capacity o f five minutes and 
the second one o f tw enty-five 
minutes. Th is means that the total 
recording capacity o f the instru
m en t—  a h a lf hour —  is almost a l
ways available, since as soon as the 
capacity o f the first recorder has 
been exhausted, the second unit 
autom atically takes its place. M ore
over, while one recording unit is 
occupied by reproduction, the other 
one is simultaneously rewound at 
quintuple speed, so that even when 
the recording capacity is being u ti
lized to the full, it  is never necessary 
to w ait more than a m inute for 
commencement o f reproduction.

The diagram  (F ig  1) illustrates 
the control layout o f the m ain 
functions perform ed by the Ipso 
phon. Since the autom atic section 
alone comprises 74 relays, a com

plete blueprint o f the entire instru
m ent would involve a wealth  o f 
detail in im ical to clarity. Th is dia
gram, therefore, is confined strictly 
to the connections necessary for 
carrying out the actual process of 
recording, reproducing, and cancel
ling the spoken word by vocal im 
pulses from  a distance.

This is done as follows:
The Ipsophon  is connected to the 

telephone circuit a t the two term 
inals a and b (F ig . 1 ). The relay 
A, w ired in parallel w ith  the calling 
bell o f the telephone receiver T {, 
is excited at each call, transm itting 
to the tim ing device, T, direct cur
rent impulses coinciding w ith  the 
ring tones. Th is tim ing device, T, 
checks whether four ringing tones 
mature, which happens unless the 
receiver is lifted  by the subscriber. 
The tim ing device engages the re
lay B, setting the mechanism o f the 
Ipsophon  in motion. The closing of 
the contacts o f relay B switches 
the service line through to  the re
peater iVj through the relay U. The 
motor control mechanism C1 is then 
engaged. Cx excites relay D, which 
shunts the sound head Z x onto the 
term inals o f the output am plifier 
E2. C y starts up m otor control
ling the feed  o f the spool X lt which 
carries the sound recording ele
ment. The spool X 2 is set in  motion 
by the sound recording wire, as a 
result o f which the reduction gear 
P j begins to drive the cam -shaft 
w ith  the cam-discs 1 to 7. Im 
m ediately a fter being set in  m o
tion, cam No. 6 opens its contact, 
thus setting in  operation  (in  m otor 
control mechanism C2) the tim ing 
device, in agreem ent "with the im 
pulses sent out by the relay J. The 
feed  o f the sound recording wire 
releases (through the sound head 
Z lt the am plifier E 2, the repeater 
and the service line) the announce
ment, whose wording is fixed  once
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and for all, made to the inquirer in 
the fo llow ing terms:

“ Hello, hello. Th is is the resi
dence o f Mr. Brown (address fo l
lows). Th is is Mr. Brown ’s 
Ipsophon  speaking. Your call w ill be 
recorded automatically. R eady?” 

A fte r  the word “Ready?” , cam. 7 
switches the amplifiers E , and E s 
over, through relays H, fo r a period 
o f 3 seconds, to their recording 
position. I f  the inquirer remains 
silent, the balance o f the announce
ment, a fter am plifier E 2 has been 
switched on again, is communi
cated to the inquirer in the fo llow 
ing terms:

“Please start speaking n ow !” 
A fte r  this sentence has been 

pronounced, cam 6(. again closes its 
contacts, thus stopping m otor M v  
through C2 and C t, and sim ultan
eously switching on motor M 2, 
which controls the reverse motion 
o f the sound recording wire. This 
m ovem ent is interrupted by cam 
6b. A t the same time, C, engages 
motor control mechanism C3, which 
controls the feed  o f the recording 
unit.

C „  through relays H, switches 
over amplifiers E and E s to re
cording, and M s takes care o f the 
feed o f spool Y  v  which carries the 
sound recording wire. The cam- 
disc 9, driven through the reduc
tion gear P 2, opens its contact im 
m ediately a fter being started up, 
while cam-disc 8, mounted on a 
friction  clutch, is held in its in itia l 
position by the pawl. The sound 
recording wire drawn along by Y , 
is m agnetized by the sound head 
Z 2 (which  is connected to E a) in 
accordance w ith the vocal fre 
quency applied. The impulse relay 
J, connected to am plifier E t through 
a current rectifier, supervises the 
arriva l o f the speech impulses. C3 
remains in engagem ent as long as 
the caller continues to speak. A t

the end o f the call, the caller rings 
off. Since the relay J receives no 
further impulses, the tim ing device 
T, through C „  measures o ff an in 
terva l o f 12 seconds. I f  during this 
period, relay J is not again exci
ted, the device T  drops again, thus 
switching C, out o f circuit and 
bringing about, as a result o f the 
dropping o f relay U, the switching 
back o f the service line to the or
dinary telephone receiver. The 
entire instrum ent is then back in 
its position o f rest.

The same operations are repeated 
for each fresh recording, cam-disc 
9 perform ing each tim e a rotary 
m ovem ent w ith in  the lim its o f an 
angle corresponding to the dura
tion o f the recording.

W hen the subscriber rings up his 
own number for the purpose of 
hearing calls recorded during his 
absence, he hears the usual an- 
announcement a fter the fourth 
ringing tone just as i f  he were go
ing to make a recording. On hear
ing the word “ Ready?” , however, 
he pronounces twice the word 
“ Kello .”  (For the sake o f simplic
ity, the checking o f the double 
signal, “ Hello, hello,”  is not shown 
in the sim plified diagram ; nor, for 
that m atter, is the complete code 
key o f ten buttons shown since it 
would needlessly complicate i t ) . 
I f ,  then, a fter the operation o f cam 
7a already described, a speech im 
pulse acts on relay J through the 
am plifier E t contact J., w ill close, 
thus preventing, in m otor control 
device C 2 the switching o f the la t
ter out o f circuit by cam 6C which 
would otherwise im m ediately fo l
low. In  this case C , remains in 
circuit and the text o f the an
nouncement is modified. This 
means that instead of em itting the 
invitation  “Please start speaking 
n ow !” , the sound recording w ire 
successively enumerates the digits
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o f a series from  1 to 5. (in  the 
Ipsophon  itself, from  1 to 10; the 
principle is the same, however, ir 
respective o f the number o f but
tons u sed ). A fte r  each digit, the 
relays H  are excited as a result o f 
the closure o f the contacts 11 to 
76, and the amplifiers are switched 
over to their recording position. 
The cams o f discs 1 to 5 are closed, 
one a fter the other, simultaneously 
w ith  the cams on disc 7. Thus, for 
instance, the closure o f cam 1 re 
sults in the negative pole o f the 
battery being shunted on the first 
w inding o f relay G, through the 
interm ediary o f the cam contact 
and the non-operating contact o f 
button 1. In  the absence o f speech 
impulses, however, relay G cannot 
be lifted, as contact J1 has not e f 
fected  the transfer. Should the 
caller em it a speech impulse a fter 
the announcement o f d ig it 1, which 
is not included in the selected code, 
relay G is excited, operating lock
ing relay S and thus preventing 
reproduction. On the other hand, 
in regard to the button originally 
pressed by the subscriber to the 
Ipsophon, the closure o f cam 3 re
sults in the fo llow ing circuit being 
established; negative pole o f bat
tery, cam contact, operating con
tact o f button 3, second w inding 
o f relay G, contact J t, positive pole 
o f battery, through the closed con
tact o f relay B. In  this case, in 
the absence o f speech impulses, re
lay G would also be operated and, 
through the locking relay S, pre
vent reproduction. I f ,  however, the 
caller speaks, this w ill switch re
lay G out o f circuit, and locking re
lay S w ill not be excited. Th is 
function is made possible by the 
tim e delay feature o f the two relays, 
G and S.

The caller must, therefore, pro
nounce the word “ H ello” twice, 
each time a d igit originally chosen

as a code number is announced, and 
remain silent when the other 
figures are announced. I f  th is is 
done correctly, the em itted im pul
ses set in operation the controls 
corresponding to the series of 
figures from  1 to 5, the reclosure 
of the circuit o f cam 6b starts up 
motor control mechanism C8 which, 
in turn, sets m otor M 2 (th a t which 
controls the text o f the announce
m ent) in m otion in  reverse, and 
also simultaneously, sets in m otion 
motor control mechanism C4 which 
governs the reverse m otion o f the 
recording mechanism. M otor M . 
drives spool Y 2, which carries the 
sound recording wire. Th is rever
sal o f the m ovem ent o f the sound 
recording w ire drives spool Y lt thus 
bringing about (through the reduc
tion gear P J  the release o f the re
verse m ovem ent o f cams 8 and 9. 
This reverse m ovem ent continues 
until the cam o f disc 9 has closed 
its contacts and, through m otor 
control unit C3, switched m otor 
M i out o f circuit and engaged the 
forward m ovem ent o f m otor M s. 
Cam-disc 8 has been driven by fr ic 
tion in this reverse rotary m ove
ment, not having been locked by 
the pawl. Through the forward 
feed o f the sound recording wire, 
fo llow ing im m ediately, the record
ings reach the repeater N 1 through 
the sound head Z 2 and the am pli
fier E2. The caller then hears, over 
the service line, all the messages 
recorded by the Ipsophon.

A t the end o f the reproduction, 
cam 8 closes its contact, thus 
switching m otor M s out o f circuit, 
through the m otor control unit Cs. 
A t this m om ent a short, shrill 
sound is em itted by unit Cv  through 
the coupling transform er N s. Th is 
shrill sound notifies the listener 
that all the recordings on the 
Ipsophon  have been reproduced. 
A t the end o f this shrill tone, the
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relays H  are switched over— by the 
same unit Cs —  to recording. I f ,  
a t that moment, two speech im 
pulses are em itted, exciting the 
impulse relay J through am plifier 
E „  the relays H  w ill remain held 
and m otor control unit C3 w ill 
again engage m otor M 3 on “ feed.” 
Thus, the caller can record mes
sages to the instrument im m edi
ately a fter the end o f reproduc
tion.

I f ,  on the other hand, the caller 
does not avail h im self o f this fa 
cility, a second shrill sound is 
em itted a fter three seconds through 
the repeater N 2, this period o f time 
being measured by the tim ing de
vice T. I f  two speech impulses are 
then em itted, impulse relay J en
gages the m otor control unit Ch, 
setting m otor M,t in  m otion in  re 
verse and at the same tim e exc it
ing the electrom agnet Q , o f the 
pawl and the cancelling e lectro
m agnet Q s. The result is that 
cam-disc 8 is held in  its in itia l 
position (cam  contact closed) and 
cam-disc 9 is driven in reverse 
until i t  reaches its position o f rest. 
The electrom agnet Q2, m agnetic
a lly cancels the recording from  the 
instrument, and the entire Ipso
phon, being returned to its in itial 
position, is once more ready for 
action. I f ,  however, a fter the sec
ond o f the shrill tones, advantage 
is not taken o f the opportunity to 
cancel the recordings, a th ird  shrill 
tone is heard a fter an in terva l of 
two seconds, in form ing the caller

that the recordings have not yet 
been erased. A fte r  this th ird  shrill 
tone, the tim ing device T  switches 
the Ipsophon  out o f circuit again.

A  paramount requirement in  a 
device o f this type is, o f course, 
the necessity o f making it  operate 
as reliably as the ordinary tele
phone.

Accordingly, no parts needing 
periodical attention  or replace
ment have been incorporated in the 
Ipsophon.

Breakdown through fau lty  m an
ipulation is precluded by the use 
o f automatic switching arrange
ments and all electro-acoustic 
commands are perform ed by coils 
controlled by relays and contacts 
sim ilar to those in common use in 
telephone exchanges all over the 
world.

Furthermore, manipulation o f 
the Ipsophon  is sim plified to a con
siderable exten t by m aking the in 
strument in two separate units, the 
m ain operating apparatus and the 
recording device, as w ell as the 
provision fo r  straightforw ard d ia l
ing arrangements, easy-to-read 
controls, and luminous signal ind i
cators.

Easy to manipulate, foo lproof in 
operation, and absolutely depend
able in engineering performance, 
the Ipsophon  robot telephone w ill 
undoubtedly become, when popular
ised, a v ita l link in tom orrow ’s 
world-w ide system o f national and 
international telephone communi
cations network.

“ TELEVISION—F.M. —FACSIMILE”
NEW COURSE AVAILABLE —  

WRITE FOR FULL DETAILS  . . .  j
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FITTING A LOOP AERIAL TO THE 
4—VALVE BATTERY PORTABLE

In  the M ay 1947 issue o f “ Service” we described a receiver under the 
heading “A  New Four Valve Battery Portable.”  This receiver was designed 
to operate either w ith  or w ithout an aerial. Actually tha t statem ent 
should have been w ith  or w ithout an outside aerial, because even when 
no external aerial was fitted  to the term inal on top o f the cabinet, the 
short length  o f wire running from  this term inal to the aerial coil inside 
the receiver really acted as a very short aerial. W hile the signal pick-up 
afforded by this length o f w ire is adequate to bring in  a ll the Sydney 
stations when th6 set is used in  the m etropolitan and suburban area, it  
is really necessary to use a short length o f external aerial to achieve 
reliable reception when the set is used in some of the outlying districts 
or in locations where reception conditions are not good.
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Usually it is on ly necessary to 
use 5 or 6 feet o f w ire lying on the 
ground, but even this may not a l
ways be entirely convenient. As a 
consequence, we have during the 
past couple o f months received 
many queries from  people who have 
built this receiver, asking about 
the possibility o f fittin g  a loop 
aerial inside the cabinet. Up till 
now we were not able to offer very 
much assistance because all the 
available com m ercially made loops 
were too large to f it  inside the ex
isting cabinet. W hile we could 
have given instructions fo r the 
home constructor to wind up a loop 
o f suitable dimensions, we refrained 
from  doing this because o f the 
doubt which existed in our minds 
regarding the efficiency o f a small 
loop. Also we were m indful o f the 
poorer efficiency o f a hom e-built 
job when compared to that ob
tained from  a factory made article. 
However, we have at last located 
a loop which has the tw in advan
tages o f small physical size and 
h igh electrical efficiency. This loop 
is made by a Melbourne firm  and 
bears the well-known trade mark 
“ Q Plus.”  The dimensions o f the 
loop are approxim ately 5" by 3 f".

The rem ainder o f this short 
article w ill be devoted to a des
cription o f the fittin g  o f the loop 
to the receiver.

The loop is intended to replace 
the existing aerial coil in the re
ceiver, the first step therefore is to 
disconnect the aerial coil from  the 
circuit. To  fac ilita te  the neces
sary alterations we are reprinting 
the circuit d iagram  o f the receiver. 
This appears in Figure 1. There is 
noth ing a t a ll difficult related to 
the substitution o f the loop fo r the 
existing aerial coil, particularly as 
the colour coding o f the loop con

4-

nections are exactly th e . same as 
fo r the aerial coil already in  the 
set. W e repeat these to refresh your
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memory. The green lug on the loop 
term inal strip goes to the grid o f 
the 1A7. The black lug goes to the 
A.V.C. line. The red lug goes to 
earth or chassis. The blue lug goes 
to the aerial term inal already fitted 
to the top o f the cabinet. Between 
the blue lug on the loop and earth 
it  is necessary to connect a resistor 
having a value o f 18,000 to 20,000 
ohms. This resistor should always 
be included even though the owner 
o f the set has no intention o f using 
an external aerial at any time.

Now for the m echanical details. 
The m anufacturer o f the loop 
states that if  possible it should 
be mounted in a position that 
does not bring it closer than 
4 " to any m etal object. By 
placing it in a vertical position 
at the back o f the cabinet, it  is 
possible to approach fa ir ly  closely 
this requirement. One point should 
be noted however, in some o f the 
portable kits the chassis is fitted 
w ith  two wooden blocks designed to 
prevent it from  sliding too fa r back 
into the cabinet. In  such cases 
care should be taken to ensure that 
the leads to the loop are long 
enough to allow it to stand between 
these blocks as otherwise it w ill 
prevent the chassis from  going 
righ t into the cabinet.

As has been stated earlier, the 
loop takes the place o f the aerial 
coil, and the circuit comprising the 
secondary w inding o f  the loop and 
the aerial tuning section o f the 
condenser gang must be lined up 
w ith the oscillator circuit in ex 
actly the same way as when the 
conventional aerial coil is used. 
Obviously the alignm ent procedure 
must be carried out before the 
chassis is placed in the cabinet. In  
this regard it  should be pointed out 
that the only trim m er which need 
be touched is the one across the

aerial section o f the tuning gang. 
I t  is o f course, presumed that this 
trim m er has been le ft  in position 
between the fixed and m oving 
plates o f the condenser gang. The 
alignm ent follows norm al pro
cedure, one tunes the set to the 
h igh frequency end o f the broad
cast band, to 1400 K.C, i f  one is 
using a modulated oscillator or to  
some station near this frequency if 
one does not possess a modulated 
oscillator. The volume control 
should be turned fu ll on and the 
cabinet placed in such a position 
that the station is heard fa ir ly  
weakly. The aerial trim m er is then 
adjusted either way until a  defi
nite peak is noted in the strength 
o f the station.

One im portant point should be 
noted. During a lignm ent the loop 
should be located about the same 
distance from  the chassis as when 
it  is installed in the cabinet. I f  
this precaution is neglected the 
alignm ent o f the aerial circuit w ill 
be upset when the receiver is 
placed in the cabinet.

In  conclusion may we repeat the 
warning that i f  the loop is being 
added to a set which has already 
been built and aligned, the adjust
m ent o f the I.F. transform ers and 
the oscillator trim m er should under 
no circumstances be altered. O f 
course, i f  the loop is being incor
porated in a new set the complete 
alignm ent procedure is carried out 
in the norm al way as described in 
the original article in the M ay issue 
o f “Service.”

Readers m ay wonder w hy we 
have not included any circuit 
diagram  showing the loop connec
tions. Th is in form ation has been 
purposely om itted because a circuif 
diagram  is supplied by the m anu
facturers o f the “Q Plus” loop. A 
copy o f this circuit is enclosed w ith 
every loop.



ELECTRONIC CAMERA TUBES
The previous article in this series commenced a discussion 

on electronic camera tubes. In this article we take up the story from 
where it was le ft off in the June issue.
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Progressive deflection of the 
electron beam is produced, in all 
modern camera tubes, by electro
magnetic means. A transverse 
electro-magnetic field is produced 
by coils located on the outside of 
the tube’s stem as shown in Figure 
1 in the June issue of “Service.” 
Two sets of coils are provided, one 
to deflect the beam from side to 
side to produce the necessary hori
zontal line scanning of the picture 
of the image, and one set to lower 
the scanning beam slightly at the 
end of each horizontal sweep so 
that the image will be progressively 
scanned from top to bottom as well 
as from side to side. The deflection 
impulses are provided by a special 
type of oscillator which will be dis
cussed in later articles. Suffice it 
to say here that as the scanning 
beam reaches the extreme right 
hand side of the mosaic it is sud
denly flicked back towards the left 
hand side whence it starts another 
scanning sweep over the mosaic 
surface. Although in theory the 
scanning beam should move in a 
perfectly horizontal direction from 
le ft to right and then be flicked 
suddenly back from right to left 
and slightly downward at the same 
time there are certain technical 
difficulties in the way of accom
plishing exactly this. In  practice 
therefore the scanning beam does 
not move in a perfectly horizontal 
manner from left to right but tends 
to drop slightly as it moves over 
the mosaic surface. However, fly
back o f the spot to its starting 
point is virtually horizontal. Refer
ence to Figure 2 in the article pub
lished in the April issue of “Service”

will explain the process diagram- 
atically. I t  is appropriate here to 
draw your attention to a previous, 
statement that the scanning beam 
should not be unduly broad. I f  the 
scanning spot has an over-large 
diameter it will “ shine” on several 
of the mosaic globules at the one 
time. This will reduce the detail 
apparent in the transmitted image 
because the mosaic discharge cur
rent produced by the electron beam 
will be a single impulse having an 
average value rather than a num
ber of individual pulses represent
ing varying degrees of light and 
shade. I t  is, of course, not possible 
to make the scanning beam so fine 
that it will scan each globule in
dividually, the aim is to make it 
as small as practicable. The mini
mum diameter o f the spot is actu
ally governed by the number of 
lines per picture which the tele
vision transmitter is designed to 
handle. I f  the spot’s diameter was 
smaller than the depth of a single 
line, the whole of the picture would 
not be scanned by the beam, some 
of it would be left out. The result 
of this would be a series of black 
lines across the transmitted image.

When a still picture is being 
transmitted that section of the 
mosaic which has been scanned by 
the moving electron beam imme
diately charges up again as soon 
as the beam has passed, and so the 
next time that particular portion 
is scanned the discharge current 
produced by the scanning beam will 
have exactly the same value as with 
the previous scan. I f  on the other 
hand, the picture is a moving one, 
subsequent scanning sweeps by the
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electron beam w ill n-ot necessarily 
produce the same intensity o f dis
charge current because the ligh t 
intensity shining on individual 
parts o f the mosaic m ay have 
changed.

The voltage pulsations which ap
pear across the resistor connected in 
the camera tube’s output circuit are 
extrem ely m inute and require con
siderable am plification before they 
are eventually used to modulate the 
television transm itter. The peculiar 
problems involved in the design o f 
the video amplifiers as they are 
called, w ill be discussed at some 
future date.

The greatest disadvantage o f the 
iconoscope camera tube was the 
fa c t that spurious video signals 
were introduced by the secondary 
em itted electrons dropping back 
onto the photo-sensitive mosaic. 
W hile the e ffect could be greatly 
reduced by introducing an out o f 
phase signal from  a so-called shad
ing generator, the original icono
scope form  o f camera tube was 
eventually discarded fo r  more satis
factory versions. Incidentally, the 
shading generator received its 
name because it  served to restore 
the im age ligh t and shade to their 
correct relative values.

The original patent taken out by

P. T. Farnsworth for a television 
camera tube was granted in  the 
U.S.A. in 1931. Farnsworth called 
this tube an im age dissector. A 
schematic diagram  o f this camera 
tube is shown by Figure 1. The only 
sim ilarity between the operation of 
the im age dissector and the icono
scope was that in  both cases an 
image o f the scene to be televised 
was focussed upon a photo-sensitive 
surface. However, unlike the mosaic 
o f  the iconoscope the photo-sensi
tive cathode in the im age dissector 
tube is uniform ly coated. I t  has 
not the individual globule structure 
o f the iconoscope mosaic. Apart 
from  this sim ilarity the operation 
o f the im age dissector is quite 
different to that o f the iconoscope. 
As w ith  a ll photo-electric substan
ces the coating on the im age 
dissector screen w ill em it electrons 
when illum inated by light. The 
number o f electrons em itted from  
any particular part o f the screen 
w ill depend upon the intensity of 
ligh t a ffecting that portion. E lec
trons em itted from  the photo-sen
sitive cathode are drawn down to 
the opposite end o f the camera 
tube by virtue o f the positive vo lt
age applied to the anode shown in 
Figure 1. The anode is actually 
the outer covering o f an electron
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multiplier. An enlarged view  o f an 
electron m ultip lier is shown in 
Figure 2.

The operation o f an electron 
m ultiplier is dependent upon the 
common effect known as secondary 
emission. The fundam ental opera
tion  m ay be seen by exam ining 
F igure 2. I t  w ill be seen that the 
electron m ultip lier consists essen
tia lly  o f a number o f parallel plates, 
each one staggered in relation  to 
its opposite number. The electrodes 
numbered 1 to 4 are known as 
cathodes while the fifth  electrode is 
term ed the collector plate. I f  a 
stream o f electrons is caused to 
strike cathode No. 1 a certain num
ber o f secondary electrons w ill be 
released by impact. Due to the 
fa c t that a positive potential is ap
plied to electrode No. 2, the second
ary  electrons em itted from  elec
trode No. 1 w ill be drawn to the 
second electrode. Again  secondary 
electrons w ill be em itted by im pact 
and these w ill be drawn to electrode 
No. 3 by virtue o f the fact that it 
also has a positive potential applied 
to it. Once again secondary elec
trons w ill be em itted  which in like 
m anner w ill be drawn to electrode 
No. 4. F inally, all the electrons are 
collected by electrode No. 5. A t each 
succeeding emission o f secondary 
electrons the number o f electrons 
is increased, hence the name e lec
tron  multiplier. As a consequence, 
a useful degree o f am plification is 
obtained.

The part p layed by the electron 
m ultip lier in the operation o f the 
image dissector camera tube is as 
follows. As mentioned previously 
the electron m ultip lier structure is 
located at the end o f the camera 
tube opposite to the photo-cathode. 
A  small aperture a t the top end of 
the electron m ultip lier is directed 
towards the photo-cathode. The

im age is scanned by causing the 
electrons em itted from  each part of 
it  to progressively enter the aper
ture o f the electron multiplier. This 
is brought about by causing the 
electrons em itted from  the photo
cathode to be swung across the 
electron m ultip lier aperture by 
means o f deflector coils located on 
the outside o f the tube. Both hori
zontal and vertica l deflection coils 
are used so th a t as well as m oving 
the beam across the aperture for 
line scanning, the beam is also 
lowered slightly at the end o f each 
scanning sweep so that the next 
line m ay be scanned.

As the beam o f electrons em itted 
from  the photo-cathode is not of 
even intensity, i.e. a large number 
o f electrons w ill be em itted from  
bright portions o f the image, while 
a small number, or none at all w ill 
be em itted by very dark portions, 
the intensity o f the electron beam 
entering the electron m ultiplier 
w ill vary from  instant to instant. 
The consequent variations in the 
intensity o f electron flow  through 
the m ultiplier appear as a varying 
voltage drop across a resistor con
nected between the m ultip lier col
lector plate and its positive voltage 
supply. A lthough la ter versions of 
these early camera tubes have very 
greatly im proved perform ance their 
fundam ental principles o f operation 
are much the same.

In  an effort to achieve greater 
sensitivity, R.C.A. evolved the image 
iconoscope. Incidentally, it  m ight 
be mentioned here that the icono-

FIG 2
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scope is fundam entally more sensi
tive than the im age dissector be
cause o f the fa c t that it  makes fa r 
greater use o f the ligh t directed 
upon the photo-cathode. The icono
scope operates on the so-called 
ligh t storage principle whereas the 
dissector employs instantaneous 
scanning. Th e  im age iconoscope 
uses both a  photo-electric cathode 
sim ilar to the one employed in the 
im age dissector and a mosaic struc
ture as in the orig inal iconoscope. 
The mosaic differs however in  this 
respect, it  is not treated for the 
production o f photo-electric emis
sion, but relies upon the second
ary emission o f  electrons from  its 
globules in order to achieve the 
necessary distribution o f positive 
charges over the mosaic plate.

In  operation the im age to be 
televised is focussed on the back 
o f the photo-electric cathode from  
which a beam o f electrons is 
em itted just as w ith  the image dis
sector. By virtue o f the h igh  poten
tial existing between the photo
cathode and the anode coating on 
the walls o f the camera tube a 
beam o f electrons is projected to 
wards the mosaic at the opposite 
end o f the tube. Th is beam also 
like the beam em itted by the image 
dissector’s cathode is not o f con
stant intensity throughout. As a 
consequence, the secondary elec
trons em itted from  the mosaic 
globules w ill vary  in  intensity at 
different points on its surface. This 
in turn w ill result in positive 
charges o f varying intensity ap
pearing on the surface o f the mosaic 
just as w ith the original iconoscope. 
The scanning beam sweeping across 
the face o f the mosaic w ill neutra
lise the charges and so produce 
pulsations across the load resistor 
connected between the back plate 
o f the mosaic and the h igh voltage

supply. Th is again is in  line w ith 
norm al iconoscope action.

As w ith  the iconoscope the scan
ning beam in the im age iconoscope 
is o f h igh  velocity and consequently 
w ith the la tter type o f tube it  was 
still necessary to introduce correc
tion signals from  a shading gene
rator to overcome the e ffect of 
secondary electrons liberated from  
the mosaic surface.

Early in  1939 the orthiconoscope, 
or orthicon fo r short, was developed 
in Am erica by R.C.A. scientists. 
This camera tube removed the 
m ajor disadvantage o f the icono
scope in  that a low velocity scan
ning beam was used and so no 
trouble resulted from  secondary 
emission from  the mosaic. W hat 
is perhaps more im portant, the 
electrons norm ally em itted from  
the photo-electric mosaic are col
lected completely. W ith  the icono
scope incom plete collection o f 
electrons allowed some o f them  to 
fa ll back on to the mosaic thus de
stroying the contrast o f the picture. 
The lack o f secondary emission and 
the im proved collection resulted in 
the orthicon having a storage 
efficiency o f practically 100%. Its 
sensitivity was thus much greater 
than any o f the camera tubes pro
duced up to that time. One o f the 
few  disadvantages o f the orthicon 
was the fa c t that the low  velocity 
scanning beam was much more 
subject to deflection by extraneous 
electro-m agnetic and electro-static 
fields than was the case w ith  the 
h igh velocity beams used in  the 
iconoscope. However, carefu l shield
ing o f the complete camera tube 
and its associate am plifiers serve 
to overcome trouble from  this 
source.

(Concluded in  nex t m on th ’s 
“Service” )
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A.R.C. TRADING POST
A free Buy - Exchange - Sell 
Service for A.R.C. Students

EXCHANGE. Philoscope, hardly 
used, fo r “U niversity” Signal Tracer.

L. Cooper, 104 Colches St., Casino, 
N.S.W.

FOR SALE. “ University”  Super
tester, Oscillator and Universal 
Speaker. Hardly used, no reasonable 
offer refused. Call evenings or Sat
urday mornings.

A. Cudlipp, F la t 4, 14 Liverpool 
R d „ Summer Hill, N.S.W.

FO R SALE. “ L ittle  J im ” set, new, 
£2/10/-. Batteries and phones extra. 
Also new 3 valve set using 2 volt 
valves.

M. W. Reichle, Ferndale Box 8, 
Yandilla, Qld.

FOR SALE. Hom e-m ade tuning 
crystal set, less headphones, £1.

R. Jasprizza, “ Cherry H ill,” Cowra 
R d „ Young, N.S.W.

FOR SALE. Valves. 1A7GT, 1N5GT, 
1H5GT, 1C7GT, 1K5G, 1K7G, 807, 
27, 6D6G, 6B7G— 10/- each. 1 —  80 
m.a. trans. 385, 5V. 2.5V.— 15/-. 
1 —  902 R.C.A. Cathode Ray Tube—  
£4.

H. G. Ohmsen, 100 Flinders St., 

Darlinghurst, N.S.W.

D o  yo u  w a n t  to buy ,  sell o p  ex- 
* c h a n g e  s o m e t h in g  w i th  a fe l low  

s t u d e n t ?  I f  so, the  Co l lege  wil l 
g la d ly  in se rt  y o u r  ad v e r t i s e m e n t s  

» free of c h a r g e  on t h i s  page. W r i t e  
c a re fu l l y — or, better  stil l, p r in t  
y o u r  ad ve r t i se m e n t .  C o n d e n se  it 
to 30 w o r d s  or  less, an d  it m u s t  
be conf ined  to rad io  subjects .  
T h e  Co l lege  of c o u r se  re se rve s  
the  r ig h t  to r e -w r i t e  a d v e r t i s e 
m e n t s  a s  nece ssa ry ,  o r  to reject 
tho se  t h a t  m a y  not  fit in w i th  the  
s p i r i t  of t h i s  service.

IF YOU'RE IN DOUBT, 
ASK A.R.C.

The old saying goes, “ I f  you ’re in 
doubt, ask a policeman.” Th a t may 
be a very good plan for general use, 
such as finding streets, tim e o f day, 
location o f buildings, etc., but as 
fa r as radio matters are concerned, 
evidently the rule is becoming 
“ Ask A.R.C.”

Recently we received a letter from

Eire and the only address on the 
envelope was “ Radio Australia, 
Sydney.”  Evidently the Post Office 
thought that i f  anyone should get 

it, it  should be the College and 
the letter was forwarded to the 

College unopened. Actually the 
sender was enquiring about wave 

lengths and times o f broadcasting 
o f Radio Australia, and we were 

able to give him  the correct in 
form ation. •


