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My invention relates to the art of radio broad-
casting, and its object is to provide meahs for
ascertaining the number of receivers tuned in on
a given program. In this way the commercial

5 sponsor of a broadcast program will have defl-
nite information on the public’s attitude toward
his program, and that, from the sponsor’s view-
point, is the most important thing about any
piece of advertising broadcast. Herein lies the

10 practical importance of my invention.

As everybody knows, radio advertising is highly
expensive and its value to the advertiser depends
upon the number of listeners-in. That is why
station announcers so frequently urge their un-

15 seen audience to send-in their opinions and sug-
gestions concerning the program. Sometimes an
advertiser offers a little gift to those who will
write for it. However, it is a known fact that
only a negligible percentage of listeners-in take

20 the trouble to respond by mail or telephone, so
that the number of communications received by a
station in reference to a given broadecast fur-
-nishes no reliable basis for ascertaining the size
of the invisible audience that heard the program.

25 It is the purpose of ‘this invention to-furnish a

" radio advertiser with accurate information re-
garding the number of receivers tuned in on his
program, so that he can determine how well it is
going with the public and to improve it if he finds

30 that his audience is dwindling. In carrying out .

the principles of my invention, I provide each

radio receiver with a device capable of trans-

mitting a certain signal adapted to be received
only by the station for which the recetver is in

g5 tune. These transmitting devices of -the re-
ceivers are controlled entirely by the operator at
the tuned-in station and without the knowledge

. of the listeners-in, so that no interference with

. the regular broadcast is possible. Detector mech-
- 40 onism at the broadcasting station receives a cer-

tain amount of electric energy from each operat- _

Ing transmitter, and the total energy thus re-
ceived is indicated by a suitable instrument,
whereby the approximate number of receivers
tuned in on a given program can be ascertained.
As the quality of a radio program is judged by the
size of the audience, I may call my invention a
radio program testing system.

The construction and operation of my inven-
50 tion will be understood from adescription of the
aceompanying drawing, in which .

Fig. 1 shows diagrammatically the apparatus
at a broadcasting station for sending out certain
signals to tuned-in receivers and receiving the

. response signals from such receivers; :

45

. Pig. 2 is a 'dla;.g'rammatlc illustration of the

.mechanism associated with a radio receiver for

recelving the special signal sent out by a. tuned-
in station and for transmitting the response sig-
nal to that station; and . 5
Fig. 3 indicates in a diagrammatic way a plu-
rality of broadecasting stations and a plurality of
receivers, these stations and receivers 'being
equipped with the special transmitting and re-
ceiving apparatus shown in Figs. 1 and 2. 10
Before describing the drawing I want to explain
that I have made it as simple as possible for
clearness. Such apparatus as is well known I
have indicated merely in schematic outline, and
only such parts of standard outfits used in broad- 15
casting stations and radio receivers appear in the

.drawing as are necessary to describe my inven-
hY

tion.

The various pleces of apparatus illustrated in
Fig. 1 are parts of the operative equipment of a 20
broadcasting station employing my invention and
are placed In suitable locations. The transmit-
ting antenna circuit is represented by s high-
frequency generator (0, a tuning coil 12, an aerial
13, 'and combined amplifying and modulating 25
mechanism M. The circuit of the broadcasting

. microphone 14 includes a coll {5 arranged in

transformer relation to the modulating input coil
16 of mechanism AM, whereby the electric im-
pulses produced by the microphone are imposed 30
in amplified form upon the.carrier frequency
transmitted by the antenna 13. The above men-
tioned parts are standard equipment requiring no
detailed description of structure and operation. .
Switch mechanism W, conveniently located, g5

. comprises a plurality of switches represented by -

the pairs of contact members 17—18, 1920,
21—22, 23—24, 2526 and 27—28. The first
member of each pair is a movable arm supported
at one end, and the other member is a fixed con- 40
tact arranged-to be engaged by the free end of

-the arm for closing a circuit. The three switch

arms 1T—I8—21 are mechanically connected by
an insulating cross rod or pin 29, so that they

always move in unison. Likewise, the three 45

switch arms 23—25—27 are joined by an insulat-
Ing connection 30 for simultaneous operation.
The normal positions of the six switch arms are
such that the four switches 1T—I8, 21—22,.25—26
and 27—28 are normally open, while the other g

‘two switches 19—20 and 23—24 are normally

closed.. The movable switch arms may be spring
blades held in normal position by inherent ten-

‘sion, or I may use separate restoring springs 31

and 32, the first being connected to switch arm
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21 and the other to switch arm 26. The contract-

" ing spring 3| normally holds the arm 19 against
~ the fixed contact 20 and keeps the two connected
arms {7 and 21 away from their respective con-

5 tacts 18 and 22. The other coil spring 32 nor-
mally presses the switch arm 23 against the fixed
contact 24, while the associated arms 25 and 21

are kept away from their respective contacts 26

~and 28. The fixed contacts 20 and 24 also con-
10 stitute stops for limiting the movement of the
-switch arms under the action of springs 31 and
32.
The various switches of mechanism W are
mounted on a suitable insulating panel (not
15 shown) which has a two-way groove consisting of
a down passage 33 and an up or return passage
34. A switch-actuating roller 35 is arranged to
operate in groove 33—34, the down movement of
the roller being in passage 33 and the up move-
20 ment in passage 34. This two-way travel of roller
35 is assured by spring latches 36 and 37, which
normally extend into the end portions of pas-

sages 33 and 34 respectively; so that these latches

are cammed out of the way by the roller at the

28 end of its downward and upward movement.
‘The cammed or inoperative positions of the
latches 36 and 87 are indicated by the dotted
outlines 36’ and 31’.. When the roller 35 is in
normal position at the top of the groove, the

80 latch 37 compels the roller to travel down through
passage 33 till it reaches its lowest position 3%’
after camming the latch 36 out of the way. This
latch now closes the passage 33 and compels the
roller to travel up through the passage 34 till it

85 reaches its normal position af the top of the
.groove after camming the'latch 37 aside. 5
The roller 35 is actuated down and up the

two-way groove 33—34 by a lever 38 pivoted at"

39_intermediate its ends. One end of lever 38 is
40 connected to roller 35 by a link 40, which is indi-
cated by a dotted line so as not to obscure the
drawing, it being understood that this line rep-
resents any practical connection between roller
and lever. The top and bottom ends of groove
33—34 form stops for roller 356 and lever 38,

which is normally held in uppermost position by

a contracting coil spring 41. The lever 38 can be
operated by hand like a pivoted switch arm, but I

prefer to operate it electrically so as to insure -

go uniformity of time at every operation for a rea-
son that will become apparent later on. A half-
gear 42 fixed on lever 38 around its pivot meshes
with a half-gear 43 mounted on shaft 44, which

also carries a pulley 45 connected by a ‘cord or.

88 chain 46 to a magnetic core or plunger 47 of a
solenoid coil 48. When this coil is energized,
the plunger 47 is pulled down and rocks the lever
38 to position 38’, whereby the roller 35 is car-
ried down the angular passage 38 to position 3%’.

60 When the coil 48 is de-energized, the tensioned
spring 4§ returns the lever 38 to normal posi-

tion and the roller 35 is carried up the angular

passage 34 fo the top of the-groove.
. -The broadcasting station has a signal genera-
85 tor F of suitable.construction adapted to produce
s special signal of predetermined character or
fréquency.‘ The signal generator F may be an
alternator, a vacuum tube oscillator, an inter-
_ rupter mechanism, or any other plece of appa-
70 ratus-designed to produce electric impuilses of
certain frequency or any -kind.of electric signal
of such character as to be outside the regular
broadcasting range. For the purposes of this
description we may assume that the signal pro-

78 - duced by ggnerator F consists of electric oscilla-
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tions of & specific frequency which does not in-
. terfere with the broadcasting operations of any

station and which is adapted to control certain -

electric devices in radio receivers, as will be fully

explained in connection with Fig. 2. So for the.

present I need only say that the signal frequency
of generator F' is impressed at the proper time
“upon the input coil 16 of the amplifier-modulator
M. The output leads 49—50 of generator F are
connected, respectively, to one side of coil 15 and
to contact 18, which is normally open, as pre-
viously mentioned, so that the signal generator
is normally in an inoperative condition and has
no effect on the broadcasting of a program. The
other side of coil 5 is connected by a conductor
51 to switch arm (T and also to one side of the
microphone {4 by a wire 52, which goes to con-
ductor 5i. The other side of microphone 14 is
connected by a wire 53 to switch arm {9, which
is normally closed, and the contact 20 is. con-
nected by a wire 54 to'lead 49. | The conductor
55 of the antenna circuit goes to the two switch
arms 23 and 25, which are electrically connected
at their supported ends by a metal piece 6. The
conductor 55’ of the antenna circult goes to con-

_ tact 23, arid contact 26 is grounded so as to con-

nect with the grounded end of the antenna cir-
cuit. o

The antenna coil 12 has inductively associated
therewith a coil 57, which is part of the tuned

‘15

20

30

input ciréuit of an electronic detector-amplifier

D. As will become clear from the description of

PFig. 2, the function of mechanism D is to re-.

ceive (and amplify if necessary) a certain re-
sponse signal transmitted by every receiver in

tune with the broadcastinhg Station of Fig. 1. The
output circuit 58 of the receiving mechanism D

is energized in proportion to the total electric
energy received by the input coil 57, and the re-
sultant current in the output circuit operates a
suitable measuring instrument indicated as a
whole by E. - As we are here dealing with high-
frequency currents, the electric operative element
of instrument E should be practically free .of
/ gelf-induction, and one type of such an instru-

45

ment is a hot-wire ammeter, which I have shown -

diagrammatically in its essential parts. A fine
" wire H (usually of platinum, platinoid, or cop-
per) is sypported at its ends in taut. condition
and connecteéd in the output-circuit §8. The

conductor H is connected at or near its-center

50

to one end of a strong thread or wire 59, which.
is sécured at the other end to an adjustable sup- -

port 58a. The filar member 59 is connnected at
the center to another thread or wire §9’, which
passes once or twice around a pulley 80 ‘fixed on
, & rotary spindle 60’. The end of the fAlar ele-

55

ment §9’ is connected to a contracting cofl

spring 61, which holds the electric wire H and
the filar connections 59—59 always taut.. An
arm 62 fixed on the spindle 60’ terminates in a
yoke 62’ which carries a thin wire or strong
thread $2a wound once or twice around a pul-
ley 63 fixed on a spindle or arbor 63’. ‘The filar
connections 59’ and 62a are always faut enough
‘to operate their respective pulleys 60 and 63. A

pointer 64 fixed on arbor 63’ moves over a scale

S marked off to indicate the numbers of tuned-
-in radio receivers or having equivalent notations.
The adjustable support 58a for wire 88 may be a

thumbscrew or the lke for adjusting the pointer:

84 to normal zero position. . .

The operation of measuring instrument E is
like this: The electric energy passing through
the output circuit §8 heats the tensioned wire

60

856"

70
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H, which thereby expands and causes the spring
61 to rotate the arm 62, and this rotates the
pointer 64. Due to the amplifying connections
between the pulley shaft 60’ and the pointer

shaft 63’, the small movements of shaft 60’ are .

transmitted to the pointer 64 in greatly increased
ratio, so that a large indicating scale is possible.
I have not attempted to show the transmission
connections between wire H and pointer 64 with
mathematical accuracy, as that detail les with-
in the skill of the instrument maker. It wili be
clear that the angle through which the pointer
64 is turned depends upon the elongation of wire
H due to the heating effect of the current pass-
ing through it, and that heating effect is strictly
proportional to the quantity or ampere value of
the current. In other words, the movement of
pointer 64 is governed by the amount of elec-
tric energy received in coil 57, and the amount
of that energy, as will appear later, represents
the number of receivers in tune for this particu-
lar station at a given moment.

The controlling wire H may be connected in
series with the output conductors 58 to receive
the full current flow, or it may be shunted across
an inductance 58’ of known value so that only
a certain fraction of the total current traverses
the wire H. The scale S is, of course, calibrated
accordingly. The moving parts of instrument E
can be made very light, so as to have minimum
inertia and friction, and as the wire H has prac-
tically no self-induction, this instrument is well
adapted for measuring high-frequency currents
with accuracy. In some instances, depending
upon the sensitivity of instrument E, it may
not be necessary to interpose a current amplifier
between the input coil 51 and the output circuit
58 of the detector mechanism D. The filar con-
nections 59, 59’ and 62a should be of a material
substantially unaffected by temperature and at-
mospheric conditions. If only sight indications of
pointer 64 are required (as distinguished from
recording), the scale S may have a movable index
member 64’ pushed along by the tip of the pointer
and adapted to remain in indicating position
when the pointer returns to zero. This gives the
observer time to read the scale at his convenience,
even if the pointer is actuated only for a moment,
On the other hand, the pointer 64 may have g
recording tip for making marks on a properly
graduated sheet or cylinder operated by clock-
work, as is usual in recording instruments of
various types. It is to be understood that, in
the broader aspect of my invention, the instru-
ment E represents any practical device operated
or controlled by the amount of electric energy
received in coil 57 at a given time and indicat-
ing or recording the equivalent of said energy in
terms of the total numbeér of receivers tuned in
at that time. ‘ T

The tuned input circuit of detector D includes

two conductors 6§5--66, which are connected to
the normally open switch members 27—28, so

that this mechanism is normally in an inopera-
tive condition and does not interfere witir-the
broadcasting operation of the station. The mov-
able switch arm 7 is shaped to have a central
portion 11’ projecting across the down -passage
33, and the opposite switch arm 28 has a simi-
lar portion 23’ projecting across the return pas-
sage 34. Consequently, the cam section 17’ is
engaged by roller 35 in its down movement, and
when the roller moves up it engages the ecam
section 23’. The result is that ‘during the down
travel of roller 35 the normally open switches

1T—18 and 21—22 are closed and the normally
closed switch 19-—20 is opened. As the roller

e

35 moves up through passage 34, it opens the -

normally closed switch 23—24 and closes the nor-
mally open switches 2526 -and 27-—28. It is
desirable to time the closed period of switch
f7—18 which controls the signal generator F,
and for that purpose I provide means for auto-
matically holding the switch closed a predeter-
mined period regardless of the length of time
that the roller 35 engages the cam section 171’ and
independently of the manual control of coil 48.
A simple arrangement for accomplishing that
result comprises the following mechanism:

A rotary knob 67 (which represents any. suit-
able finger piece) is mounted on & shaft 68 on
which is fixed an arm 69 carrying a pivoted pawl
10. This pawl is pivoted at 71 to arm 69 and a
light spring 72 normally holds the upper end
of the pawl against the side of the arm. When
the knob 67 is turned clockwise, the pawl 10 forms
a rigid extension of arm 69, but during the re-

. turn movement of the knob, the pawl is free to

swing clockwise about its pivot T1. 'The rotary
movements of knob 67 are limited by the fixed
stops 73—174, and a contracting coil spring 15
normally holds the arm 69 against the stop 13.
This spring also returns the knob to normal posi-
tion when manually released. A switch arm 16
is normally held away from its contact 17 either
by inherént tension or by a separate spring.

A cam or hump 16’ on switch arm 76 is in the.
path of pawl 10, so that the switch 7617 is

closed when the knob 67 is turned clockwise.
During the return of knob 61, the end of pawl

10

15

10 rides idly over the hump“16’ because the pawl

is free to swing clockwise about its pivot T1.
For convenience of illustration I have shown
a separate battery 18 as the source of current
for the solenoid coil 48, but in actual practice
this coil will be connected to the regular feed
mains of the station. One side of battery 18
goes to coil 48 and the other side to switch con-
tact 71. A movable switch arm 79 (which may

"be a spring finger) is normally in circuit-clos- -

ing position against a fixed contact 80, which is

connected by wire 81 to coil 48. The switch arm

16 carries an armature 82 arranged to be drawn

to the fixed magnetic core 83 of coil 84, which -

is connected by wire 85 to switch -arm 76 and by
wire 86 to switch arm 19. According to these
connections, the coils 48 and 84 are in series with
the /series switches 76—177 and 79—80. As the
switch 16—177 is normally open, the coils 48 and
84 remain inert even though the switch 79—880 is
closed. Therefore, when the knob 67 is turned

, right; the ‘switch 76—17 is closed and the coils

48 and 84 are energized. As previously explained,

the energized coil 48 operates the lever 38 to move
the roller 35 down the passage 33, and the ener-
gized coil 84 holds the switch arm 176 in closed
position independently of pawl 70. * Consequently,
the switch knob 67 can be released instantly aft-
er its operation, for the switch arm 76 will be
held closed to keep the solenoid coil 48 energized.

The switch arm 2( carries an armature 81
arranged to be attracted by the magnetic core
88 of coil 89, which is in the circuit of battery

-90, shown for convenience as a separate source

of current. It will be understood that in actual
bractice the coil 89, like the coil 48. will be con-
nected to the usual power system of the station.
A conductor 81" connects one side of battery 990
to one side of coil 89, the other side of which
goes to the switch contact 22. The other side

70
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~ of battery 90 is connected by conductdr 82 to

10

a movable switch arm 93, which is normally held
(as by inherent tension) against a fixed contact

‘94, A wire 95 connects the contact 94 with the
: movable switch arm 21. Since the two switches

21—22 and 93—94 are in series with coil 89, the
latter remains deenergized as long as either
switch is open. When the switch arm 21 is closed
by the roller 35 engaging the cam section {71’
of arm I7, the coil 89 is instantly energized and
holds the three connected switch arms 1T—I 9—21
in actuated position even after the roller is.out
of engagement with the cam section 17. -

The de-energizing of the electromagnetic coils

" 48, 84 and 89 is done automatically when the

lever 38 reaches the position 88’—that is, when

the roller 35 is in its lowest position 35’ and is-

ready to return through passage 34, The lever
38 carries an insulating lug or projection 96 ar-

“ranged to strike the free end 93’ of switch arm

93 away from contact 94 when the lever 38 is in
actuated position 38’. The opening of switch
93— 94 de-energizes the coil 89, whereupon the

three switch arms IT—19—21 instantly return

: to normal position. The cam-shaped end 19a of

switch arm 79 is in the path of the end 38a
of lever 38, ‘which therefore-opens the switch
19--80 simultaneously with switch 93—94. It
is clear, then, that the switch 17—I8 is.held

: closed and the switch 19—20 held open for & pre-
determined period ‘of time which is uniform in_

all repeated operations of the switch mechanism
without regard to the manual release of switch

" knob 67. That is to say, whether this knob is

" released by the operator before or after the roller

35 reaches the position 35’, the switches 1T—I8
and 19—20 remain closed and open, respectively,
for the same uniform interval of time. This in-

terval cani be regulated by causing the lever 88

‘ to travel downward at a predetermined rate of

7.

-38 to slow down its movements under the influ-.

speed. Although the action of coil 48 is sudden,
a suitable retarding arrangement -(such as the
well known dash-pot) can be attached to lever

ence of coil:48 and spring 41, This will be un-
derstood without further description or illustra-

tion. The opening of switch 79—80 de-energizes -

. the two coils 48 and 84, whereupon the spring 41

actuates the lever 38 back to normal position,
- thereby carrying the roller 35 up through pas-
 sage 34, and at the same time the switch arm -

0

16 moves to open position. The automatic re-
closing of switches 79—80 and 93—84 by the

" return movement of lever 38 has no effect on

" coils 48, 84 and 89, because the switch arms 76

and 21 are open. .I'will now describe the opera-
tion of the system -shown in Fig. 1. The circuit
of the broadecasting microphone 14 is normasl-
ly closed through conductor 53, closed switch
19-—20, conductors 54 and 49, modulating: coil
{5, and back to the microphone through con-
ductors 51 and 52. The electric impulses in coil
{5 pass through the amplifier and modulator M,
and are then imposed upon the transmitting -an-
tenna circuit in the usual way. While this broad-
casting of a program is going on, the various

switch arms of switch mechanism W are in the"

“‘position shown in Fig. 1, so that the antenna cir-
({3

. ‘amplifier mechanism I also remains inoperative .

cuit is closed through switch 23—24.. - The cir-
cuit of the signal generator F remains open be-
cause of the open switch 7—18, and the detector-

on account of the cpen switch 27—28. In other

.- words, the auxiliary signalling apparatus F and

recelving apparatus D do not interfere with the
regular broadcasting operation of the station.

Let us now suppose 1t is desired to ascertain the
number of radio receivers tuned in on the pro- .
gram that is being broadcast by the station. At B

‘a suitable moment (as during a pause in & num-

ber or in the interval between two numbers),
the person in charge of this detail turns the knob

67 and the following events take place automat-
ieally: The solenoid coil 48 is energized and pulls-10
down the lever 38, which causes the roller 86 °
fo close the switch 17—18 and simultaneously
open the adjacent switch 19-—20, whereby the

- microphone I4 is cut out and the output circuit

of signal generator F is closed through coll 15, 18
As previously explained, the signal generator F
operates to send electric impulses of predeter-
mined frequency or character through the modu-
lating coll I5, and this special signal is impressed
upon the carrier frequency or wave of the sta- 20
tion through the amplifier-modulator M. Thus, -

. from the moment the roller 35 cams the switch

arm 17 to closing position until it reaches the
position 35’ (an interval that need not be more

‘than a second or two) , the station is broadcasting 25

a special signal, which I may call the search
signal, adapted to be received only by those
radio receivers that are tuned for this station .
at that time. When I describe Fig. 2, T will ex-
plain what the search. signal does in a tuned 30
receiver. I will now go on to describe what hap-
pens in Fig. 1 when the lever 38 reaches the end

- of its forward movement. .

It will be recalled that when the rollér 85 is'in
its lowermost position 35’, the actuating lever 35
88 is in position 38’ and opens the switch arms
719 and 98, whereby the solenoid coil 48 is de-
energized and the switch- arm IT is opened to
disconnect the signal generator F. As soon as .
coil 48 is cut out of circuif, the spring 41 rocks @ .
the lever 38 clockwise and the roller 35 travels
up through passage 34 to open the switch arm
23 and close the adjacent switch arms 25 and
21.. The high-frequency transmitting generator
10 is now cut out and the antenna circuit is 45-
closed through coil 12, conductor 55 and switch
2526, this circult now being a receiving circuit
tuned to the-carrier frequency of the station and
adapted to receive the response signals transmit-
ted by the tuned-in receivers. At the same time 80:
the correspondingly tuned input circuit including
coil 57 of detector D is closed through switch
2728, whereby the total electric energy recelved
by mechanism D from the transmitters of all :
tuned-in recelvers flows through the output or L]
load 'circuit .58 and is registered or recorded in
the instrument E, as previously explained.

" Now we comeé to Fig. 2, which shows the ap-
paratus associated with a household radio re-
ceiver for automatically sending a' response to 60
the search sighal from & tuned-in station. The
radio recelvér R is of any approved make or
design, having variable tuning means 96, a tun-
ing knob 97, and & station. dial 97’.. The dia-

- grammatic symbol 96 stands for the adjustable 65

tuning . elements. found in all radio receivers. .
The inside mechanism of the receiver requires
no illustration and description,” since it is a
matter of common knowledge in the radio fleld.

.. 80 I have indicated only the antenna coil C and 7

the input coll 98 of the receiver mechanism. .The
antenna ‘circuit ‘89 is normally closed through
switch. arm 100 and contact (01, and it will be
understood that the receiver is not operative for
broadcast reception unless that switch is closed, 76
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. The receiver cabinet contains & small radio frans-

mitter T (preferably of the vacuum tube type),
which has variable tuning means indicated dia-
grammatically at 102 for adjusting the trans-

mitter to. a predetermined carrier frequency or.

wave length. As the construction and operation

- of radio transmitters are well understood, I need

10

not go into further details about the transmitter
T, except to say that it need not be of high
power and long range, so that it may be a com-
pact piece of apparatus easily housed in a radio
cabinet of regular-household size, In some cases

", it may be possible to use parts of the radio re-

is

ceiver mechanism for the transmitter T, but for
convenience I have shown the latter as a sepa-
rate device.

'The adjustable reactance element 102 in trans-
mitter T represents any practical means for vary-
ing the inductance of the transmitter circuit to
vary the frequency of its oscillations, and the dot-
ted line 103 indicates any suitable form of driving

- connection between the knob 97 and the funing

J

elements 98¢ and {02. That is to say, when the
knob 97 (or whatever finger piece the receiver
has) is adjusted to tune the receiver for a‘'par-~
ticular station, there is simultanecus adjustment
of tuning element 96 in the receiver and of tuning
element 102 in the transmitter T. In this way
the transmitter T is always tuned to a carrier fre-
guency which is diffierent for each station, and
that frequéncy is preferably the same as that of
the station tumed in. The transmitter T is nor-
mally out of operation and does not interfere with
the usual functions of receiver R. In fact, the
person tuning the receiver need not (and perhaps
will not) even know that transmitter T exists.
The radio receiver R also contains a signal-
receiving device K, which has an input circuit 104
tunable to the required frequency by means of a
variable reactance element 105, such as one or
more adjustable condensers. The driving connec-.

tion {08 extends to the tuning element 105, which -

is so constructed that the input circuit 104 of
device K is always tuned to the carrier frequency
of the station tuned in by the knob 97. Itis clear,
then, that the mere operation of knob 97 for tun-
ing in a desired station automatically tunes the
output circuit of transmitter T and the input cir-
cuit of the signal-receiving device K to the carrier
frequency of that station. The input circuit 104
of signal receiver K includes a coil 106 inductively

related to the antenna coil C of receiver R, and-

the variable tuning element 105 is also part of
that circuit.  The output circuit of signal receiver

XK includes & coil 187 and an adjustable reactance

element (08, such as a condenser, for sharply
tuning this circuit to the frequency of signal gen-
erator F' at the station. It should be understood
$hat the tuning element 108 is not adjustable by
ineans of the tuning knob 97 on the receiver, but
is adjusted once for all time to make the clrcuit
of coil §07 resonant and responsive only to the
signal of generator F. I am assuming here that

‘this search signal is the same for all stations, but ..

the input circuit 104 is resonant only to the car-
rier frequency of the particular station tuned in
by the receiver R. Therefore, the signal-receiving
device K is normally inoperative in its output
circuit, even though the input circuit 104 is in

i fune with the carrier frequency of the selected

statlon. Not until the input coil 196 receives the
signal of generator F'is the output coil 107 ener-
gized to carry out its intended function, as will

presently be explained.  If necessary, the signal

. receiver K contains a suiteble current amplifier
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between the input and output circuits, as will be
understood without further description, since
such amplifiers are well known. It should be
noted that, although the signal receiver K is
placed in receptive condition by the operator of
radio receiver R for each tuned-in station, that
device K is nevertheless under the exclusive con-~
trol of the program tester at the broadcasting sta-
tion.

The receiver R and transmitter T are elec-
trically powered from the houselighting mains
{08—109’, . There is, of course, the usual on-off
switch (not shown) on the radio cabmet but the
power switch connections for the transmitter T
are controlled from the tuned-in station through
the output coil 187 of device K. One practical
form of such switch control is shown in Fig. 2
by way of example. A lever (10 pivoted at 110’
has a half-gear §12 in mesh with a similar gear
{13 which turns about a shaft {14. A pulley {15
on gear shaft 144 carries a cord or chain I186,
which is attached to a magnetic plunger {47 ar-
ranged to move in a coil P, When this coil is
energized, the plunger ({7 is pulled down and
rocks the lever 110 down through a certain angle.
A contracting coil spring (18 automatically re-
turns the lever !0 and all connected parts to nor-
mal position when the coil P is de-energized.

A suitable insulating panel in the radio cabinet
has a two-way groove comprising a down passage
{18 and an up or return passage 120. A roller 121
is mounted to travel in groove (i9—i28, and is
connected to the free end of lever-118 by a link
22, which is indicated by a dotted line to prevent
obscuring other parts of the drawing. The lower
end of passage {48 is curved so that the roller 121
coccupies the position 124’ at the end of its down-
ward travel. The two spring latches 123124 as-
sociated with, groove 118—120 compel the roller
2] to travel down through passage 119 and up
through passage (20, as more fully explained for
the similar latches 36—37 in Fig. 1. A movable
switch arm 125 has a central portion 125’ extend- -
ing across the passage 120 in the path of the re-
turning roller 124, so as to be actuated thereby
inte engagement with the adjacent contact §26.
Either a spring 127 or the inherent tension of
arm 125 normally holds the latter away from con-
tact 126, so that the members 125—126 constitute
& normally open switch. An insulating rod 128
mechanically connects the switch arms 100 and
125 so that they always move in unison. The
spring §27 normally holds the arm {00 against
its contact 101, which also forms a stop for the
action of the spring. When the roller 121 moves
the switch arm {25 against the contact 126, the
switch arm 10€ is at the same time moved away’
from contact (8i and into engagement with the
opposite contact 101’, which is connected by a
wire (29 to the output or antenna circuit of trans-
mitter T. The power main 109 goes to contact
126, while the other main 1098 goes directly to the
transmitter. A conductor {30 connects the other
side .of the transmitter’s power circuit to switch
arm 125, The insulating panel containing groove
1 £9—120 may also be the support for the adjacent
sw?tches and the operating connections of roller
{2

-The coil {07 in the resonant output circuit of
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the signal receiver K has a magnetic core 107’ 70

which, when the coil is energized, attracts an
armature {31 mounted on a switch arm 32 sup-
ported at one end. The free end of this switch
arm is adapted to engage a fixed contact 133,

which is connected to one side of coil P. For con- * .




20 the receiver.
automatically adjusts the elements 102 and 105 .
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" venience I have shown a separate storage battery ’

134 as the soufce of current for coil P, but in prac-

tice the circult of this coil is connected to the

houselighting leads 109—109’, or to whatever
5§ source of electric energy the radio receiver R is
connected. One terminal of battery 134 goes to
coil P and the other to the switch arm 132, which
is normally held open either by inherent tension
- or by a separate small spring. When the coil 107
10 is energized by the signal current of generator F,
it closes the switch 132--133 and thus causes the
- solenoid coil P to be energized, whereby the switch
lever 110 is actuated as previously described.
The operation of Fig. 2 in relation to Fig. 1is
16 like this: The radio receiver R is tuned in the
regular way to any desired station, the grounded
antenna circuit 99 being normally closed through
switch 100-—101 and the power éircuit 109—108’
being closed through the usual on-off switch of
The operation of tuning knob 97

‘to tune the transmitter T and the input circuit
104 of signal receiver K to a predetermined fre-
quency, which may be assumed to be the carrier

¢8 frequency of the tuned-in station. However,

this tuning of the mechanisms K and-T has no
operative effect at this time,—first, because the

“ sharply tuned output circuit of ‘coil 107 in device

K can be energized only by the frequency or code
80 chatacteristics of signal generator F, which is

‘not now transmitting; and second, because the .

-switech 125—126 of transmitter T is open, so
. that this mechanism remains inert.
Now we shall see what happens at the receiver

"85 when the search signal of generator F is trans-

mitted from the tuned-in station during an in-
terval when the broadcasting is silent. The sig-
nal oscillations of generator F (imposed upon the
carrier wave of the station) pass through the
antenna coil C of the tuned-in receiver R and
therefore through the coils 98 and 106, which are
inductively coupled to the antenna coil. How-
ever these signal oscillations may affect coil 88,
they produce no effect in the receiver itself, which
is not tuned to this special signal. The signal
oscillations that enter the input circuit 104 of
. device K through coil 106 energize the tuned out-
put coil 107, with the result that coil P is ener-
gized and operates the switch lever (10. It will
5o Pe recalled that the signal generator F' functions
from the moment the switch arm 17 (Fig. 1) is
~closed by roller 35 until that roller is at the end
of its downward movement in position 35’.
. During that same interval the roller {ZI (Fig. 2)
is pulled down to position (21’, so that both
rollers start their return movements at the same
time. Therefore, while the roller 35 holds the
. switches 25—26 and 27—28 closed, the roller 12{
holds the switches 125—126 and 100—101’ closed,
whereby the transmitter T is energized to trans-
mit radio waves at the frequency of the tuned-in
station, and these waves are received by the
tuned antenna coil 12 of the station, which now
“operates as a receiver. Thus, the tuned input
coil 47 of detector D is energized in proportion to
the total amount of electric power radiated by
the simultaneously operating transmitters T of
all tuned-in receivers, and this electric load in
cofl 51 is translated by instrument E to indi-
cate the number of receivers then listening to
this particular station. : '
From the above it is apparent that the arrange-~

70

ment provides for the transmission of a search

signa%1 from the transmitter for a predetermined
. length of time and that the receiver when once
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adjusted by the search signal transmits ii)‘s tuning .

indication signal for a predetermined length of
time. This feature of applicant’s invention is
very important since a device of the character

_described is of value only if the readings obtained

give a somewhat true indication of the informa-
tion desired. Without the timing mechanism it
can .be seen that during a reading period the
number of receivers transmitting the particular

signal may change due to the differences in timing

of the length of the signal transmitted. Accord-
ingly, the indicator would not give a true indi-
cation of the conditions. However, when all
apparatus is equipped with a timing means it
will be seen that a very accurate reading may be
obtained throughout the test period due to the
fact that the timing mechanisms force the trans-
mission of the. indicating signals throughout the
test period. o
The simplest kind of search signal to use for
energizing the device K is one of mere frequency
as distinguished from. a telegraphic code signal,
which would not only take longer to transmit but
,also require more complicated apparatus in de-
vice K. The signal of generator F may be of
any frequency beyond the region of audibility
and therefore outside the broadcasting range of
any station. This makes the device K immune
to any form of electric waves except those carry-
ing the special signal of generator F. The oper-
ation of sending out the search signal and receiv-
ing the response signals need take only a second
or so (perhaps even hefore the program tester
lets go of the knob 61), so that the electric power
consumed by this operation is negligible. For
the information of the program tester, the de-
tector D and signal generator F may have small
signal lamps 135 and 136 associated therewith
and automatically lighted when those devices are
functioning. While it is possible to have a sepa-
rate receiving antenna for coil 57, this would be
an unnecessary complication, for the transmit-
ting antenna of a station operates equally well as
a recelving aerial with the proper switching con-
nections. '
In Fig. 3 I have indicated a plurality of sta-

- tions broadcasting simultaneously and a phi-

rality of receivers supposed to be tuned for dif-
ferent stations. If a group of receivers repre-
sented by Rl is in tune for station A, and another
group of receivers Rzn is tuned for station B at
the same time, the search signal sent out by
station A will affect only the transmitters T1 of
receivers RI.
tion B will cause only the transmitters Tn of re-
ceivers Rz to operate, and this selective operation
of the transmitters takes place even if several
stations should happen to.send out their search
signals at the seme time. Therefore the indi-
cator or recorder E of each station is controlled
only by the transmitters of those receivers that
are tuned in on that station. When the same
program is broadcast simultaneously by.a number
of stations, as in a coast-to-coast- hookup, each
station will receive the response signals of the
receivers tuned to that station, and.the total
number of receivers listening to that program
will be the sum of the figures indicated by the
response instruments E of all the stations in the
hookup. It is to be assumed that the readings
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Likewise, the search signal of sta- S
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of the response instruments in the subsidiary

stations are immediately relayed (either manually
or automatically) to the main station, which is
thus able to give the desired information to the
sponsor of the program at the conclusion of the
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broadcast. If desired, the switch arms 16 of
those stations:that are in the same hookup can
be closed simultaneously by clockwork at pre-
determined intervals. This will be clear without
further illustration and description, since time-
controlled switches are well known.

The transmitters T are of standardized design
so as to radiate the same amount of power, and
after being installed they are not to be tampered
with. As these small transmitters are exclusive-
ly under station control, they are in effect part of
the equipment of a duly licensed station, so that
the owner of a radio receiver having such a
transmitter combined therewith does not become
an amateur radio operator requiring a license.
The signal receivers K also are of ‘standard de-
sign, so that the variable element 105 always
tunes the input circuit 104 to the carrier fre-
quency of the station tuned in by the receiver R.
However, once the output circuit containing coil
{87 has been tuned sharply to the adopted fre-
quency of signal generator F, that circuit is
sealed against tampering. This assumes that all
broadcasting stations equipped with my inven-
tion have agreed to use the same frequency for
their search signal, each station transmitting
that special signal on its own carrier wave.
Should certain stations decide among themselves
to adopt a different search signal for each sta-
tion, then the output circuit of device X would
have to be tuned correspondingly for each sta-
tion by connecting the variable reactance ele-
ment (08 with the tuning shaft 193, as previ-
ously explained for the adjustable tuning ele-

. ments {02 and 105. It may be possible to use

certain parts and circuit connections of the radio
receiver R for the device K, which is really a
small receiver with an output circuit tuned ex-
clusively for the signal of generator F.
Instead of marking the scale S of instrument
E with figures representing the number of oper-
ating transmitters T (and therefore the number
of listening receivers R), any other equivalent
notations may be used,—as for instance, num-
bers indicating current values in amperes or
milliamperes. The total ampere indication is
then divided by a number representing the pre-
determined average amount of current received

from each transmitter T, so that the quotient

gives the approximate number of tuned-in re-
ceivers. If the amount of energy received by
coil 57 from each transmitter T were exactly the
same, the number of tuned-in receivers could be
ascertained with mathematical exactitude.
However, the transmitters T are necessarily lo-
cated at different distances from any tuned-in
station, and we know that the radiation field de-
creases with increase of distance.
that the coil 57 will receive a greater amount

of energy from a transmitter T located near the .

station than from one located far away. But it
is sufficient for the practical purposes of this
invention to adopt an average value for the
energy received by coil 57 from each transmitter.
This average current value is readily determined
by experiment and is applicable to all stations.

_The procedure would be something like this:

A broadcasting station, like a newspaper, ca~
ters mainly to the inhabitants of the surround-
ing region. It is commonly known that radio
receivers in any locality can get all the desired
programs from a few stations nearby. Even
in a nation-wide hookup for one program, a
person will tune in on a nearby station for the

: best results. So we may fairly assume that each

This means .

7

" broadecasting station gets most of its listeners

from the surrounding territory, the extent of
which depends upon the transmitting power of
the station. ‘Referring to Fig. 3, let. us suppose
that the zone served by station A extends to 2,
so that the receivers Rl are farthest from the
station and the receivers Rz nearest to it, while
the receivers R2 occupy a middle position. Ex-
periments are conducted. to determine the sig-
nal strength received by coil 57 of station A
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from a distant transmitter Tl, from an interme- -

diate transmitter T2, and from a near transmit-
ter Tn. After making a sufficient number of
these experiments for each group of transmit-
ters, an average value is obtained as represent-
ing the energy received by coil 57 from the
transmitter of each tuned-in receiver, and that
value is used for calibrating the instruments E.
The indications thus obtained are sufficiently
close for practical purposes, for the sponsor of a
radio broadcast is satisfied to know the size of
his unseen audience in round numbers.

By sending out the search signal at different
points in a broadcast it is possible to get an idea

of how the public is taking to the program. For

example, if the instrument E shows a greater
number of tuned-in receivers at the end of a
program than at the beginning or the middle,
this indicates an approval or liking of the pro-
gram, and a reverse showing of the instrument
would denote the public’s disapproval of this
program. My invention thus enables a radio ad-
vertiser not only to know the extent of his au-
dience but also to get up a program that will
secure for him the greatest number of listen-
ers,—and that means the greatest number of
possible or potential buyers of the advertised
product. It is probably best to have an official
record of the indications of instrument E, which
is therefore preferably of the recording type.

I am aware that the transmitter T, the signal
receiver K, and the associated switch-operating
mechanism add to the cost of the radio receiver
R, of which they are a part by being embodied
in the same cabinet. However, this extra cost
should not be borne by the purchaser of the radio
receiver but by the broadcasting advertisers, who
get the practical benefits of this invention. ILet
us say that several broadcasting companies have
agreed to adopt this program testing system and
have installed the necessary equipment. These
companies will then arrange with one or more
radio manufacturers to put out receivers embody-~
ing the additional apparatus needed for this pur-
pose, and the extra cost of that apparatus is
borne in the first instance by the broadcasters,
so that the buyers of these specially equipped
receivers pay no more than for an ordinary re-
ceiver. When g radio advertiser wants to know

.how many receivers are tuned in on his program,

the broadcaster charges him an additional fee
for this valuable information. In this way the
manufacturing cost of this invention is ultimate-
ly paid for by the radio advertisers, as seems
meet and falir. g

Although I have shown and described certain

" specific apparatus and circuit connections, my in-

vention is not limited to the details set forth, for
its basic principles can be embodied in other ways
without departing from the scope of the append-
ed claims. .
I claim as my invention: ‘
1. In combination with a broadcasting station
having means for transmitting at desired inter-
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vals a signal of certain frequency apart from the ¥8§




8.
-broadcast program, a radio recelver, a normally
inoperative radio transmitter associated with said
receiver, said signal-transmitting means includ-
ing switch mechanism for holding said means
energized for a predetermined time interval,
means at the receiver including an operable
switch mechanism acting upon receipt of the sta-
tion signal for rendering the receiver transmitter
operative to transmit a characteristic signal dur-
ing another predetermined time interval, means
at the broadcasting station for receiving said
characteristic signal, indicating means and
means for applying the received characteristic
signal to said indicating means.
' 2. The combination of a plurality of broad-
casting stations each thereof having an electri-
cal measuring device and means for transmitting
a characteristic control signal apart from the
broadcast program, operable means acting upon
operation to hold the control signal transmitting
means ‘energized for a predeter/mined period of

9,188,165

time, a plurality of radio receivers each thereof
being tunable to any one of said broadcasting
stations and including means automatically set-
table upon receipt of the characteristic control
signal from the station to which the receiver is
tuned, to transmit for a certain predetermined
time period a\signal characterized to indicate the
receipt of said characteristic control signal, means
at each of said broadcasting stations for recelving
the indication signals sent out by those receivers
which are tuned to receive signals from the broad-
casting station and means at each of said broad-

- casting stations for energizing said meastring de-

vice in accordance with the indication signals re-
ceived whereby the measuring device at any one
of the broadcasting stations gives an approximate
indication of the number of receivers which are
tuned to that station at the time of transmission
of the control signal therefrom.

ADOLPH A. THOMAS.
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