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THE NEW MODULATION MONITORS 

1m HE Federal coillill.unica-

T 
t · ons Com.mission, recog-
nizing the importance both 

o broadcasters and to the 

audio-frequency 
by the transm.itt 
not over 10 0• 

distortion generated 
r a th· s level shall e 

(b) That all stations shall have an 
approved modu1a-public of opera ing 

e v e r y  b r o a d c a s t  
channel at a high 
efficiency, has for 
several years re
q u i r e d  t h a t  a l l  
t r a n s m i t t e r s  b e  
capable of satisfac
tor operation at a 
m.od lat.on level of 
a lea t 75%. B a 

THE recent amendment of Rule 

139 by the Broadcast Division of 

the Federal Communications 

tion monitor. 
c c o r d i n g  o 

the Com.mission's 
Commission. i of vital interes to p c i f i c a ti o n  , 

approved moni ors 
m u  t i n l u d e  a 
means by "Which the 
p e r c e n t a g e  o f  
modulation can e 

everyone connected W"i th radio 

broadcasting. Thi article di -

cusse the specifica tio:n. co ered 

by Section (d) of Rule 139 from 

the viewpoint of the broaden ting 

station engineer and operator. 

recent: amendment to Rule 139 the 
Com.mis ion now requires that trans
mitters shall be capable of the still 
higher efficiency po sible with the re
cent advances in design, and that 
means shall be a ailable for continu
ously checking the modulation per
centage. The amended Rule 139 says 
in effect: 

(a) That all broadcasting trans
rnitt rs shall be capable of delivering 
authorized power with a modulation 
of at least 85%; and that the total 

ontinuou ly and 
easily read at all times., and must be 
equipped with an o er-modulation 
alarm signal. 

The purpose and u efulne s of the 
monitor are immediately apparent. By 
its u e station operators can maintain 
the highest possible modulation con-

istent with good broadca t pra ice, 
and., when modulation exceeds th 

apability of the transmitter, the 
alarm. flashes a warning. reasonable 
balance between inefficient under
modulation and distorted over-modu-
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lation is thus made possible. These 
characteristics are discussed more in 
detail later in this article. 

Early in 1931 the General Radio 
Company placed on the market one of 
the first COillillercial modulation me
ters, the TYPE 457. This instrument 
was accurate, simple to operate and 
for the first time provided a means for 
easily determining modulation per
centage without elaborate testing 
equipment. It was, however, a balance
operated device, not direct reading, 
and good only for steady-state condi
tions of modulation. The present need 
is for a direct-reading instrument 
which will follow accurately the rapid 
fluctuations resulting from voice or 
music modulation of the broadcast 
transmitter. The TYPE 731-A Modula
tion Monitor* has been developed to 
meet this need. 

The first considerable number was 
installed in April, 935, in the owned 
and affiliated stations of the Columbia 
Broadcasting System as a part of the 
complete CLA s 730- Transmission 
Monitoring As embly. The field trials 
thus obtained were of great assistance 
in determining how these instruments, 
and particularly the modulation moni
tors, worked out in practice in repre
sentative stations. 

The transmission monitoring assem
bly not only provides the means for 
maintaining a continuous monitor of 
modulation percentage, but also for 
measuring the total harmonic distor
tion and the residual noise level of the 
transmitters. The modulation monitor 
is, of course, entirely self-contained 
and not dependent upon the other 
units in the assembly. 

•Monitoring of BroadcaBting Stations, L. B. Arguimbau. 
General Radio &perimenter. IX, 8 and 9. January and 
February. 1935. 

The Federal Coillillunications Com
mission has specified in detail the elec
trical requirements of a suitable moni
tor. These requirements are met ex
actly by the General Radio TYPE 731-A 
Modulation Monitor. 

The specifications are the result of 
a long study of the problem. In order 
to obtain the various viewpoints, the 
Commission held several conferences 
which were attended by engineering 
representatives of many operating 
companies and manufacturers. As a 
result of this study of the monitoring 
requirements of the broadcasting sta
tion, thefinal speci:ficationswere drawn, 
taking into consideration that the 
monitor as an instrument had to be 
simple in operation, accurate, and not 
expensive. 

The important features which the 
monitor must provide are: 

(1) A d-c meter for setting the aver
age rectified carrier. 

(2) A peak indicating light which 
:flashes on all peaks exceeding a prede
termined value set at will by operator. 
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(3) A meter indicating continuously 
the percentage modulation. 

The d-c meter has two functions: 
first, it provides a means for indicating 
the reference carrier level at which the 
monitor is to operate and, second, it 
shows carrier shift during modulation, 
which is a warning of inequalities in 
positive and negative peaks, with the 
resulting probability of distortion. 

The flashing light operates when the 
modulation exceeds any percentage 
that has been. pre-set by the operator. 
The setting of the level of modulation 
above which the lamp flashes is deter
mined by the modulation capability 
of the transmitter and by the type of 
program. It is set to flash with moder-

ate frequency while thin.gs are func
tioning normally. This is usually at a 
level of about 85 % or higher. After a 
little experience, the normal rate of 
flash to be expected from any particu
lar class of program material becomes 
familiar to the operators. 

When used at first in conjunction 
with a monitoring loudspeaker, a sur
prising facility of modulation level 

=== = = = = = 

maintenance is developed by the use 
of the light alone. If, without a change 
in program, the rhythm of the flashes 
is markedly changed, the operator is 
immediately warned that something is 
wrong. If the flash rate slows down or 
stops, the modulation level has dropped 
too low, and if the light flashes contin
uously or not in synchronism. with the 
loudspeaker monitor, trouble has de
veloped in the transmitter. Since the 
light is visible at some distance, close 
attention to the monitor is not required. 
An electrical counter may be attached 
to provide a record of the number of 
over-modulation flashes occurring in a 
given period. 

The third requirement is a meter 
which reads the actual percentage of 
modulation at all times. It can be 
switched to read either the positive or 
the negative modulation percentage. 
The meter has the new high-speed 
movement and is about critically 
damped. It reaches full-scale deflection 
in about 100 milliseconds with almost 
no overswing, and returns to zero in 
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about the ame time. If u ed directly 
on voi e or music programs this high· 
speed movement would follow the 
rapidl hanging le els faithfully, but 
its speed is so great 1:hat accurate 
monitoring would he difficult, and it 
would be rather 1:iring to watch it for 
any length of time, especially for those 
who are u ed to the lazy movement of 
the older volume indicator meters. 

To avoid this it has been specified 
that -the circuits of the monitor must 
he arranged so that, when a pulse of 
modulation he·t een 40 and 90 milli-
econd i duration occur , it is stored 

electrically until the me·ter can reach 
90o/c of its steady-state deflection. It is 
not desirable that shorter pulses show 
so prominently on the meter as these 
short bursts do not contain enough 
energy to be bothersome in case of over
modula tion. The electrical circuit stores 
the pulse and then discharge rather 
slowly, the time for the me1:er 1:0 return 
from full ale to lOo/c of full scale being 

pecified a between 500 and 800 milli
seconds (it is 700 milliseconds in the 
TYPE 731- Modulation Monitor). 
The result is a meter action which goes 
up e tremely rapidly with modulation 
peak and returns relatively slowly. 
This a tion has been elected for several 
reasons: 

Panel view of TYPE 731-

(a) A high-speed meter movement 
without the retarded return speed is 
rather difficult to follow by eye and 
soon results in fatigue, as mentioned 
previously. 

(b) Monitoring is greatly facilitated 
when the meter stays at its top reading 
for a short time so ·that 1:he peaks can 
be read. 

(c) There is -.:he feeling by ob er ers 
tha 1: the meter reading corresponds 
with the sound heard by ear. This is a 
psychological effect and, although not 
of great importance, assist in monitor
·ng. The dual-speed action (fast-up, 
slow-return) gives the impression that 
the monitor is following the peaks of 
the envelope of the modulation, and, 
in fact, it is regisl:ering faithfully the 
important modulation peaks as they 
occur, and the ''floating" reading 
makes monitoring relatively a simple 
ma·tter. 

n additional requirement specifies 
that the monitor must have an ex
tremely good audio-frequency charac
teristic (± 0.5 db from 30 to 10,000 
cycles). This perm.it accurate measure
ments to be made of the over-all fre
quency response of a transmitter. 

The foregoing paragraphs discuss 
the principal features of -ihe speci:fi a
tions for modulation monitors as pub-

Modulation Monitor 
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lished by the Federal Communi ations 
Commission in a letter dated October 
29, 1935, supplementing the new 
amended Rule 139. 

II monitors to be approved by the 
Commission are first carefully checked 
by the Bureau of Standard . t th 

time of our going to press the Bureau 
was not prepared to begin the e t sts, 
but, when the te t set-ups are ready, a 
stock model of the General Radio 
modulation monitor will be submitted 
for test in order to obtain formal 
appro al. -ARTH R E. THIE E 

Specifications for the TYP • 731- Modulation onitor will gladly be 
sent on request. A limited number of instruments are available f"Or 
immediate delivery. Order will also be accepted with deli ery contin
gent upon approval by the Federal Communications Commission. 

Type Code Word Price 

731-A J Modulation Monitor* . . . . . . . . .  I EXIST 195.00 

*This instrument is manufactured and sold under the follow ing U. S. Patents and license agreements: 
Patent No. 1,999,869 

Patent o. 2,012,291 

Patent Applied For. 

�� 

A NOTE ON THE MEASUREMENT OF METER SPEEDS 

T
HE measurement of meter speed in 
the new modulation monitor pre

sents an interesting problem. Photo
graphing the action of the meter with 
a high-speed earner a and a stroboscopic 
light source is a satisfactory m.ethod. 

Th plots of Figure 1 and Figure 2 
were made from data obtained from 
this type of motion picture record. In 
order to compare·· accurately the mo
tion of the pointer with the duration 
of the pulse, the modulation meter and 
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FIGURE 1 (left). Plot of meter deflection vs. time wh n a pul e of 55 mi.Uiseconds duration is 

applied. The pulse length is just sufficient to bring the meter to 90% of its steady-state reading 
on a pul e of the same amplitude. Note that the meter does not reach its maximum deflection 

until after the end of the pulse 
.. 

):. ...,.; RE 2 (right). Deflection vs. time plot showing the meter returning to zero. The time 
required for the meter to return to 10 % of it initial reading is 700 milliseconds 
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a cathode-ray oscillograph were set up 
side by side, and the pulse applied to 
the meter was used to deflect the oscil
lograph beam. Flashing the stroboscope 
lamp at a speed of 60 per second gave a 
sufficiently complete record. From Fig
ure 3., which shows a section of film, it 
will be noted that the trace on the 
cathode-ray tube is recorded contin-

FIGURE 3. A section showing two frames of 
the m.otio.n picture record. The order of pro
gression is from top to bottom. The oscillo
gram. is recorded continuously whi e the meter 
is photographed at intervals of 1/60-th second 
by means of the stroboscopic flash. The index 
mark was placed opposite the spot on the 
cathode-ray tube and indica"tes "the position of 
the spot at the instant each photograph is 
taken. When "the oscillogram. becomes a 
straight line, showing the end of the pulse, the 
meter has not yet reached its maximum read
ing. This is shown graphically in Figure 1. In 
this photograph the oscillogram. has been re
touched to make it suitable for halftone re-

production 

uously., while the meter is pho-tographed 
at intervals of 1 /60th second. 

A DIRECT-INDICATING AUDIO-FREQUENCY METER 

A
DIRECT-INDICATING audio-fre

quency meter is a great conve
nience in many laboratory measure
ments, or in production and testing 
operations where a large number of 
measurements must he quickly made. 
In some cases, a continuous indication 

of the value of a varying frequency is 
required. To meet -these requirements, 
the TYPE 834-A Electronic Frequency 
Meter has been developed. This instru
ment is of radically new design., is 
direct reading from zero to 5000 cycles 
per second, and operates from the a-c 
line. 

The meter consists, essentially, of an 
amplifier., a gas-discharge-tube counter, 
and an indicator. The fundamental 
circuit design of the instrument was 
devised by Dr. F. V. Hunt.* 

Figure 1 is a schematic diagram show-
ing the important circuit elements. A 
detailed explanation of the operation,,...--...
of the circuit will be found in a rece...,. "-
•Cruft Laboratory, Harvard University. 
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T, 

articlet by Dr. Hunt published in the 
Review of Scientific Instruments. 

The princ.ple of operation is, briefly, 
as follows: On the application of an 
alternating voltage to the grids of the 
gas-d·scharge tubes, the tube become 
alternately conducting and non-con
ducting. At each transition of the cur
rent from one tube to the other, a 
single, short current pulse is sent 
through the indicator circuit. s the 
successive current pulses are identical, 
the meter reading will depend only on 
the number of pul es per second, or the 
frequency. 

The instrument includes a one
stage amplifier, the gas-discharge-�ube 
counter circuit, diode switching tube, 
frequency-indicating meter and power 
supply (with rectifier and voltage 
regulator). 

The amplifier pro ides for satis
factory operation on signal in.puts of 
three volts or less, and also provides 
a high impedan. e input circuit (one 
megohm). By the arrangement of the 
amplifier circuit, provision. is made for 
satisfactory operation over a wide 
range of signal in.put voltages, up to 
200 volts, with no change in indication 
of frequen y. 

Five ranges are provided, each 
starting at zero and extending to 200, 

t A Direct-Reading Frequency Ieter Suitable for Bigh
Speed Recording, RevUiw of Scientific Instrument&, 6, 2, 
January, 1935. 

PLATE 
SUPPLY 

FIG RE 1. chematic circuit diagram 
of the electronic frequency m.eter. 
For convenience, batteries are shown 
supplriug the grid and meter bi
ases. Ti is an amplifier, T2 and Ts 
are gas - discharge tubes; T, is a 
double diode, and Ts a voltage regu
lator. The circuits R, C, control the 
voltage on the grids

. 
of �he gas-dis

charge tubes; the crrcmts Rm, Cm, 
control the action of the double 

diode 

500, 1000, 2000, and 5000 cycles. The 
de ired range is selected by means of a 
multiplier switch mounted on the 
panel. Individual adjustments are pro
vided for making the indication agree 
with the scale of the meter on each 
range. These adjustments are made at 
the factory, but, if necessary, readjust
ment may he made in the field. 
adjustments are accessible from. the 
panel, which is intended for mounting 
in a 19-inch relay rack. 

The TYPE 834-A Electronic Fre
quency Meter is a time-saving aid in 
frequency measurements, such as the 
routine checking of a large number of 
radio transmitters. Generally in such 
cases, the first question to be answered 
is: '�Is the station frequency w·thin the 
allowed tolerance?" and econd, ''How 
much does the station frequency devi
ate from the assigned value?" Both 
questions may be answered by the 
meter, but, having answered the fir t, 
often no further attention need be 
given to those stations falling well 
within the allowed tolerance. 

In crystal grinding and similar 
adjustment operations, the indi a
tions of the frequency meter provide a 
continuous check on the progre s of 
the adjustment - indicating when 
coarse adjustment is safe and also 
indicating when fine adjustm.ents must 
be made to obtain the final desired 
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FIGURE 2. Panel view of TYPE 834-A Electronic Frequency Meter 

value. nother example of this use is 
in tuning motor horns, chimes, and 
similar devices, where the continuous 
indication of the frequency is invalua
ble during the progress of adjustment. 

When utilized with a sound or vibra
tion pickup, the frequency meter is 
valuable in analyzing vibrations in 
machinery. 

simplified model of the electronic 

frequency meter will shortly be avail
able for use in monitoring radio trans
mitters. This instrument, the TYPE 
682- Frequency-Deviation Meter, is 
intended to operate in conjunction with 
the TYPE 475-A Frequency Monitor 
which furnishes the power supply for 
the frequency meter, as well a the 
audio-frequen y beat tone on which 
the meter operates. -J. . CLAPP 

The TYPE 834-A Electronic Frequency Meter is available for inuned iate d eli ery. This ins trument is manufactured 
and sold under the following U. S. Pa"tents and license agreements: 

Designs and patent applications of Dr. F. V. Hunt. 
Patents of the American Telephone and Telegraph Company, solely for utilization in research, in est:igation, meas 

urexnent, testing, instruction and d evelopment work in pure and applied s"'ience-

Type Code Word Price 

834-A I E1ectronic Frequency Meter . . .  j MUCU 250.00 

T
HE General Radio EXPERIMENTER is 1nailed without charge each 
1nonth to engineers, scientists, technicians, and others in'terested in 

co1n1nunication-frequency measurement and control problems. When 

sending requests for subscriptions and address-change notices, please 
supply the following information: name, company name, company ad

dress, type of business company is engaged in, and title or position of 
individual. 

Gl:NERAL RADIO COMPANY 
30 State Street Cambridge A, Massachusetts 
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