
cc: 
LI.I 
:c 
..... 
� 
:z: 
CZ: 
CJ") 
..... 
:z: 
LI.I 
� 
LI.I 
cc: 
=> 
V) 
Cl: 
LI.I 
:l!!E 

TYPE 1170-A F-M MONITOR 
FOR BROADCAST AND TELEVISION SERVICES 
e WHEN GENERA L RAD IO ENGINEERS set out to de ign the 
TYPE 1170-A F-M Monitor, their aim wa to provide, for the f-m 

road a t band and for television audio chann 1 , a monitor tha would 
have th ame high quality of performance and sirnpli ity of operation 
as the monitors for the a-m band that have o long been accepted as 

andard by the industry. 
Th problem of designing an instrument of this calibre wa more 

difficult than that of de. igning a-m quipment, becau e of the more 
tringent requir ments set by the FCC on distortion, noise, and audio 

frequency range. The first tep wa , th refor , to d termine what cir
cuits could be adapted directly from standard a-m practice, and 
the s cond to determine what circuit were new and critical. 

To generate the tandard 
fr qu ncy, the highly table 
cry tal o cillator develop d 
for the a-m frequ�ncy moni
tor could b u d. Similarly, 
the modulation indicating 
circuits could re�emble tho e 
us d in the a-1n modulation 
monitor. The requirements 
for di tortion and n01. e 
mea ur m n , how ver, as 
well a for adequate stabil
ity of center-frequency in
dication, called for a dis
criminator b tter in both 

figure 1. Panel view of the 
Type 1170-A F-M Monitor. 
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The standards of performance for f-m broadcast
ing are the highe st that the industry has e ve r  
seen, owing primarily to the vision and unre
mitting effort of Major Edwin H. Armstrong. 

Only the use of e quipme nt of the highe st quality 
will insure the mainte nance of the se standards. 

linearit and ability than the tuned
circuit type. 

Tuned-circuit di criminators have 
been u .. ed in earlier types of monitors. 
They are highly sen itive and hence 
considerably simplify the monitor de
sign. However, the tuned-circuit dis
criminator is not particularly satisfac
tory in either linearity or stability. It is 
basically a non-linear device. To approxi
mate linearity over a 200-kc range, it 
must operate at an intermediate fre
quency of everal m gacycle . Slight 
drifts in circuit component values are 
trouble ome, so that th center-fre
qu ncy zero must be continually re..,et 
by comparison with a second cry tal. 

Pulse counters are inherently linear 
devices, and a discriminator employing 
this type of circuit can be made to 
operate linearly over a wide range with 
a minimum of critical circuit compo
nents and adjustm nts. The intermediate 
frequency can be low enough to achieve 
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the stability nee sary to eliminate s c
ondary calibration adju tment . 

A characteri tic of the counter-type 
discriminator i its low sensitivity, so 
that it must operate at a high signal level 
to give a high signal-to-noi e ratio. Thi 
need not be a serious limitation, however, 
for the desired result can be achieved 
quite simply, and the added circuits are 
notably free of critical adju tments. 

Consequently, the pulse-counter type 
of discriminator was selected for use in 
the General Radio monitor. Using thi 
di criminator, it i po sible to obtain an 
over-all monitoring stability approach
ing that of the crystal o cillator, 
or a few parts per million. 

As a result, the original de ign aim 
has been completely achieved. The new 
monitor gives (1) a continuous indica
tion of center frequency without the 
neces ity of frequency calibration checks; 
(2) an indication of percen age modula
tion (positive, n gative, and full-wave) 
and a flashing lamp indication of over
rnodulation; (3) a high-fidelity output 
for di tortion measurement -less than 
0.2% distortion introduced by monitor; 
(4) a 600-ohm circuit for audio moni-

Figure 2. Functional block diagram of the monitor. 
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toring. Finally, the monitor is designed 
for television audio service as well as for 
f-m broadcasting. 

The functional arrangem nt of the 
monitor i shown in Figure 2. A har
monic of a cry tal oscillator bea s with 
the incoming ignal to produce an 
intermediate-frequency of 150 kilo
cycles. This beat passes through ampli
fiers and limiters to a counter-type 
discriminator. The d-c ou put of the 
discriminator provides the center-fre
quency indication, while the a-c output, 
after suitable filtering, operates the 
modulation indicator and furni hes a 
signal for distortion and noise mea ure
ments, a well as for audio monitoring. 

The monitor is arranged mechanically 
o that the various circuits are segre

gated through the uEe of individual 
chassis as mblies. This makes all parts 
acce sible and facilitates maintenance 
and tube replacements. 

With one exception, vacuum-tube 
diode are used throughout the monitor 
rather than crystal rectifiers. Crystal 
are not yet comm rcially available with 
characteri tics as uniform as tho e of 
tube . In particular, cry tals exhibit a 
fluctuation with time in the ratio of 
front-to-back re istance, which pre
cludes their u e in circuits where long
period stability i desired . 

The single crystal rectifier used in the 
monitor operates the r-f level indicator 
and the warning circuits, and supplie 
the bias on a control tu be. For the e 
func ions, variations in characteristics 
have little effect. 

CIRCUIT DETAILS OF THE 

MONITOR 

R-F Section - The crys al o cillator 
circuit i one develop d at the General 
Radio Company specifically for use 
in frequency monitors. It i highly 
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stable; variations of 4% in the cir uit 
capaci ance, for in tance, change th 
frequency by less than one part per 
million. The crystal has a temperature 
coefficient of le than two parts per 
million, and its temperature is main
tained at 60° C. within ±0.15 degree. 

The fundamental frequency of the 
crys al is b tween 1.4 and 2.2 Mc, and 
is so cho en that one of its harmoni s, 
whe he erodyned with the transmitter 
channel frequency, will produce a diff r
ence frequency of 150 kc. 

The crystal oscillator is followed by 
an aperiodic buffer amplifier and three 
multiplier stages. 

The tuned circuits in the multiplier 
stages have low Q and are operated 
at a high level to minimize the genera
tion of f-m noi e by phase modulation 
in he ucce sive multiplier stages. A 
figure of 0 db below 100% modulation 
was chosen a a de ign objective for 
residual f-m noise. This is equivalent to 
a fluctuation of 7.5 cycles at the carrier 
frequ ncy, or 7 .5 parts in 100 milli n. 

Th 150 kc beat between cry tal har
monic and transmitter frequency is pro
duced in a pentagrid converter an i 
amplified by a ingle output stage. 

For proper operation of the succ d
ing circuits, it is important that a p ci
fied minimum voltage be maintain d, at 
the output of the mixer. An indicating 
meter is provided to measure his level. 
Since the voltage at this point depends 
on the r-f input, this device is also u ed 
as an indicator of r-f input level. 

DISCRIMINATOR AND .. 

IF SECTION 

Limiter Amplifier - To operate the 
discriminator it is n cessary to g nerate 
a quar -wave of on tant amplitude. 
The 150-kc output from the r-f section 
pas e through a diode clipper, a voltage 
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amplifier, a second clipper, and finally 
drives two pow r tubes as limiting 
amplifier . 

The amplitude at the output of thi 
amplifier i ufficient o a sure a high 
signal-to-noi e ratio and to eliminate 
all effects of ontact potential in the 
discriminator diodes. 

The voltag 1 vel is ..,tabilized by 
regula ing the plate and creen supplies 
of this final output tage. At this point 

in the circuit the signal i a square-wave 
of constant amplitud . The wave shape 
and the amplitude mu t b independent 
of frequency over a rang of 150 plu and 
minus 100 kc in ord r to provide for 
wid modulation swing . 

A control tube cut off the gain of the 
amplifier tubes until suffi.ci nt input 
voltage has been reach d to permi 
complete aturation of he input clipp r 

tage. Thi prevents erratic indication 
on the m ter with no input ignal. 

Discrimin ator Operation - The dis
criminator is shown in elementary form 
in Figur 3. The two diodes are con
nect d in parallel but in oppo it en , 

o that the concl n..,er i haro·ed through 
the 1 ft-hand diode and di charged 
through the right-hand one. The time 
con tants of the R-C circuit are mad 
small compared to the time of one-half 

ycle of the interm cliate frequency, o 
that the cond n er is charged to the 
peak value of the quar -wa e and then 
completely discharg d during alt rnate 
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half cycle . The output of the di crim
inator, which appears aero s the re i tor 
R2 in seri s with the right-hand diod , 
consist of unidirectional pul of con
stant shape and amplitude. 

When the transmitter is unmodu
lated, the discriminator output has a 
d-c component equal to the averag 
value of the voltage across R2 and a serie 
of a-c component at the pul e repeti
tion frequency and its harmonic . The 
d-c component vari s linearly with the 
transmitter fr quency and consequently 
can be used to actuate the cent r
frequen y indicator. 

When the transmitter i frequency 
modulated, the pul are "bunch d up" 
or "spread out" when r f rred to a tim 
base. The d-c component i not affected 
by the modulation xcept to th d gree 
by whi h the average, or center, fre
quency change under modulation. 

Modulation also produce in the di -
criminator output a component of the 
modulation frequency, which i u ed to 
operate the modulation indi ator and 
to feed he audio output circuit of the 
monitor. 

Center Frequency In dicator -The d-c 
component of the di criminator utput 
voltage is applied to a vacuum-tube 
voltmeter, wi h a bucking vol age that 
i indep ndent of frequency, to operat 
a zero-c nter meter. A center-frequen y 

hift will cau e the differ ntial voltage to 
change in magnitude and ign, and th 

Figure 3. Eleme ntary sche matic diagram of the discriminator. 
The input wave form is shown at the le ft, the output wave form at the right. 
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d-c indicating m ter will wing in one 
direction or the other by an amount pro
portional to the hange in carrier fre
quency. The bu Icing voltage is derived 
from the quare-wave that drive th 
di criminator and is proportional only 
to amplitud . Hen , minor variation 
in quare-wave amplitude will affect 
the output of both the di criminator and 
the bucking circuit equally. The u e of 
thi amplitude stabilizing circuit elim
inates the need for extreme regulation of 
the plate supply voltage as well as for 
precise control of all factors influencing 
the quar -wave amplitude over i 
complete range of carrier swing. 

AUDIO-OUTPUT SYSTEM 

In order to recov r the original mod
ulation ignal, the high-frequency com
ponen s pre ent in the pul e waveform 
are removed by means of low-pass filters. 

Since the de-emphasi circuit nor
m ally emplo ed in he audio-output 
channels con titutes an R-C filter with 
low-pa characteri tics, this network 
can advantageously be u ed to coupl 
th di criminator to th audio chann I . 
The high series re i tan help to 
minimize the reactive loading effects of 
the ext rnal circui s upon the di crim
inator, and at the ame time r duces th 
high-frequency component of the orio-i
nal pul e. 

The resulting de-emphasized signal 
pa es to a cathode-coupled amplifi r 
and thence to one section of a low-pa 
filter. This filt r ection mu t pass with
out attenuation all audio frequenci s up 
to 30 kc, the upper limit of audio 
measurements required by he FCC. 

The second ection . of the filter i 
placed directly in he output of an am
plifier, whose sole function is to drive 
the external di tortion and noi met r. 
This filter section eliminates any re-

OCTOBER, 1947 

maining r-f compon nts in luding pick
up in the a1nplifi r it lf. To in ure a 
minimum of residual di tortion, the 
amplifier i op rated at a con an low 
level. The input g in control can b et 
to giv a con tant outpu for any valu 
of transmitter frequency wing betw en 
6 and 100 kilo ycle . 

A second ou put, int nd d for local 
program monitoring, i obtained from a 
cathode- oupled amplifier with an effec
tive output impedance of 600 ohm , 
unbalanced. 

M odulation Metering Section 

A standard pre- mphasis circuit re-
tore the original audio-fr qu ncy 

chara t ri tic for modulation measure
ment . Thi apparently roundabout 
method of producino· the modulation 

ignal by fir de-empha izing and then 
re-emphasizing ha on very on ider
able advantage. A pointed ut abov , 
th d -empha is circuit h lps materially 
to elirninat th radio-frequ ncy com
ponent of h pulse waveform. Thi 
r du b he same d gree h hi lding 
nee sary in he modulation monitorino· 
circui . The standard pre-emphasi cir
cuit restore the audio-frequency com
pon nt to a much greater d gr e than 
the r-f component . 

An adju table gain control i pro
vided in the pre-a plifi r circuit. Thi 
gain con rol p rmi the moni or to be 
calibrated for 100% modulation, with 
an value between the limits of 25 and 
75 kc swing. 

The modulation met ring circuit and 
the overmodulation indicator circuit are 
nearly identical wi h those u ed in 
General Radio a-m m nitor . The n�eter 
characteri tics meet all F C peci.fica
tions. An important feature of this 
monitor, however, i th inclu ion of a 
peak-to-peak, or to al , wing, indication, 
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in addition to the usual positive and 
negative peak indications. 

PERFORMANCE 

CHARACT ERISTICS 

Cen ter-F requency Indication - Moni
toring practice in the standard a-m 
broadca t band ha accustomed the 
trans1nitter engineer to stable center
frequency indicator . A glance at the 
monitor gives him a frequency indica
tion that can be relied upon without 
calibration checks. 

Many existing f-m monitors, how
ever, do not have thi degree of stability. 
Consequently, the zero reading must be 
checked against anoth r cry tal standard 
before a center-frequency reading is 
taken. It is customary to provide a pu h 
button on the panel for this calibration 
check. uch a pro edure is inconvenient 
and time-consuming and i nearly im
po sible when remote indicator are u ed. 

The TYPE 1170-A F-M lVIonitor i de-
igned to give the arne degree of stabil

ity as is cu tomary in a-m monitors. Its 
over-all stability is ±4 parts per million, 
or about 400 cycle . zero set i pro
vided, which checks the electrical zero 
of the meter, but this need be used only 
once a day. 

+Zdb 

-1 db 

20 50 100 

OPERATING RANGE OF COMPLETE MONITOR 

FOR FM NOISE 8 OISTORTION MEASUREMENTS 

A\IAILAt1LE AUDIO OUTPUT FAOM MONl"fOR 
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MINES THE MIN. MOOULATION REFERENCE 
LEVEL FOR FM DISTORTION· NOISE 

MEASURMENTS. 

--'-----
200 soo 1000 2000 
FREQUENCY IN CYCLES PCR Sf.CONO 
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When thi ch ck is mad , the accuracy 
of indication i bettered by a factor of 
two and is good to ±2 parts per million. 

A glance at the me er gives th center 
frequency of the tran mitter, even on a 
re1note meter, and, in addition, a re
corder can be operated to give a con
tinuous record of cent r frequ ncy. 

To prevent erroneous on-frequency 
indications when the transmitter signal 
fails or drops below an adequate level, 
two warning ignals are provided. The 
illumination of the center-frequency 
meter drops nearly to zero, and a pilot 
lamp on the panel is extingui hed .. 

Distortion and Noise Measurements 

The FCC has required the use of the 
standard 75 microsecond de-emphasis 
network in the measuring instruments. 
This results in a flat frequency re pon 
for the entire y tern between the trans
mitter audio input and the measuring 
device, and o duplicates the condition 
actually obtained between studio and 
home recei er output. M a ure1nents of 
no· e and di tortion ar , however, re
f rred to a given modulation percentage 
and frequency. The output voltage 
available for operation of the distortion 
and noise meter i thu reduced at the 

5000 

l I 

17 db 

10000 20000 30000 
15hc 

Figure 4. 
Operating range 

of the monitor 

for distortion 

and noise 

measurements. 
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high audio frequencie , and thi limit 
the minimum p rcentage modulation at 
which distortion ineasurem nt can b 
made. Figure 4 shows hi character
istic. 

The very low di tor ion levels hat 
will normally be measured in f-m tran -
mitter impo e rigid requirement on 
all unit of the mea uring sy tern, and 
the e include (1) the test os illator, (2) 

the f-m monitor, and (3) the distortion 
meter. For this reason it is highly im
portant to keep the r sidual di tortion 
in any one unit as low as possible, since 
the minimum indicated level may equal 
the sum of all component in the system. 
Cancellation effect may reduce the in
dicated level below this amount, but, by 
the same token, readings of the trans
mitter distortion may be incorrect, 
should the level be so low as to approach 
the residual lev 1 of the measuring 
instruments. 

on iderable effort was devoted to
ward ke ping th re idual audio distor
tion in the monitor extremely low and 
a figure of better than 0.2% has been 
achieved. When the monitor is u ed in 
conjunction with a TYPE 1301-A Low
Distortion Oscillator and TYPE 1932-A 
Distortion and Noise Meter, measure
ments can be made of f-m transmitter 
audio modulation distortion at values 
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in the ord r of 0.5% rn1s distor ion wi h 
a reasonable degree of accuracy. 

oi e mea urements in f-m y ten� 
will ordinarily be mad at level below 
-65 db. Th re idual noise level in both 
th f-m monitor and the noise m ter is 
th refore of con iderable impor an e. 
Th combination of the TYPE 1170-
F-M Monitor with the TYPE 1932-A 

Distortion and N ois Meter will permit 
measurements to be made at level of 
-75 db wi h accuracy. 

In addition to its u e in the trans
mitting station, this monitor is suitable 
for the production testing of f-m tran -
mitter . The combination of the TYPE 
1301-A Low-Distortion Oscillator, TYPE 
1932-A Di tortion and Noise Meter, and 
TYPE 1170-A F-M Monitor will permit 
transmitter type tests to be made as 
specified in the FCC's Standards of Good 
Engineering Practice Concerning F-M 
Broadcast Stations. Because of the wid 
range of frequencies over which this 
in trument will operate, and th ease of 
calibration adju tments, the monitor 
can easily be used with televi ion aural 
transmitters. Thi flexibility of opera
tion permits transmitter de ign en
gineer to perform type test upon f-m 
transmitters of all types with a minimum 
of equipment. 

- C. A. CADY 

SPECIFICATIONS 

Transmitter Frequency Range: 30 to 162 Mc 
with TYPE 1170-Pl R-F Tuning Unit; 160 to 
220 Mc with TYPE 1170-P2 R-F Tuning Unit. 
R-F Input Impedance: High impedance, with 
TYPE 774 Coaxial Connector. A capacitance 
attenuator is provided for adjusting the input 
level. The monitor can be used with standard 
R.M.A. transmitter monitoring output. 
Input Sensitivity: 1 volt r-f, or better. 
Input Level Indicators: A meter for indicating 
r-f input level is provided at the rear of the 
chassis. ignal pilot lamp and center-frequency 
meter pilot are illuminated when input level is 
adequate and are extinguished when level drops 
below the usable minimum. 

Intermediate Frequency: 150 kc. 
Discriminator: Pulse-counter type linear to 
better than 0.05% over a range of ±100 kc 
(133% modulation). 
Center Frequency: 

Indication: Meter is calibrated in 100-cycle 
divisions from -3000 to +3000 cycles per 
second. No zero set is necessary for each read
ing and no second crystal is provided. 

Accuracy: Crystal frequency, when monitor 
is received, is within ±10 parts per million of 
specified channel frequency. Zero reading is ad
justable over ±3000-cycle range to bring moni
tor into agreement with frequency-measuring 
service. Center frequency indication is then ac-
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curate to ±200 cycles per second. 
Over-all Stability: ±400 cycles, or better, 

for long periods. 
Percentage Modulation: 

Indication: Meter is calibrated from 0 to 
1333. Additional db scale is provided. Switch 
elects positive or negative peaks, or full-wave 

(peak-to-peak) indication. 100 0 modulation 
corresponds to 7 5 kc deviation for f-m bands. 
Single internal adjustment of meter ircuit 
changes calibration to read 1003 at 25 kc de
viation, for televi ion audio monitoring. Meter 
ballistics meet FCC requirements. 

Accuracy: ±53 modulation. 
Overmodulation Indicator: Lamp flashes 

when predetermined modulation level, as set 
on a dial, is exceeded. Range of dial is 0 to 
1203 modulation. 
Output Circuits: 

1. Distortion and Noise Measurements: 

Terminals are provided for connecting a 
TYPE 1932-A Distortion and Noise Meter, 
and a gain control is provided. 

Residual Distortion: Less than 0.23 at 
100 kc swing (±1333 modulation). 

Response: 50 to 30,000 cycles per second 
±Yz db. Standard 75 microsecond de
emphasis circuit is included. 

Maximum Output: 1.5 volts into 100,000 
ohms. 

Residual Nol5e Level: -75 db or better 
referred to 75 kc deviation; -65 db or 
better for 25 kc deviation. 

Sen5itivity: Full output can be obtained 
down to 83 of 75 kc deviation. Sensitiv

)ty varies with modulation frequency in 
accordance with standard de-emphasis 
characteristic. 

2. Audio Monitoring Output: 

Impedance: 600 ohms, unbalanced. 
Output: Zero dbm at 75 kc deviation 
(100% modulation). 

Type Description 

8 

Re.sponse: 50 to 15,000 cycles per second 
±;4db. 

Cry.stal 05cillator: General Radio high-stabil
ity cll-cuit. Crystal is temperature-controlled at 
(60 ±0.15) C. Temperature coefficient of crys
tal is 2 parts per million per degree C, or less. 
Cry tal oscillator output level can be read on 
panel meter by pressing a push-button switch. 
A jack is mounted at the rear of the chas is for 
connecting a milliammeter to check crystal 
oscillator plate current. 
Remote l ndicator.s: Circuits and terminals 
are provided for connecting the following indi
cators externally: 

Center-frequency indicator 
Percentage-modulation meter 
Over-modulation lamp 
600-ohm unbalanced aural monitor 

Vacuum Tubes: The following tubes are used 
and are supplied with the monitor: 

l-6AK6 2-6AG7 2-6C4 
l-6AB7 2-6SN7-GT 1-815 
1-6BE6 1-6AG5 2-0D3/VR150 
2-2050 l-6SJ7 1-6J6 
6-6AL5 4-6SL7-GT 1-991 
l-6SK7 l-6AS7-G 1-0C3/VR105 
2-3-4 

Accessories Supplied: All tubes, coaxial con
nector for r-f input, power line connection cord, 
power supply plug. 
Power Supply: 105 to 125 volts, 50 to 60 cycles. 
Power-transformer-primary-connections can be 
changed to permit operation on 210 to 250 volts. 
Power Input: 300 watts. 
Mounting: 19-inch relay-rack panel with dust 
cover. 
Panel Finish: Standard General Radio black 
crackle lacquer. Certain standard grays that 
can be processed in quantity can be furnished 
at an extra charge of $20.00. 
Dimensions: Panel, 19 x 26.%:'. inches; depth 
behind panel, 13>i inches, over-all. 
Net Weight.: 88 pounds. 

Code Word Price 
1170-A F-M Monitor_ . .  _ . . . . . . . . . . . . ...... . . . .. . ·I AHEAD $1625.00 

(Licensed under patents of the American Telephone and Telegraph Company.) 

The TYPE 1170-A F-M Monitor was developed by a group con isting of A. P. G. 
Peter on, C. A. Woodward, W. F. By r , and C. A. Cady, author of th foregoing 
article. 

GENERAL RAD I 0 COMPANY· 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

NEW YORK 6, NEW YORK 

90 WEST STREET 
TEL-WORTH 2·5837 

TELEPHONE: TROWBRIDGE 4400 

BRANCH ENGINEERING OFFICES 
LOS ANGELES 38, CALIFORNIA 

950 NORTH HIGHLAND AVENUE 

TEL-HOLLYWOOD 6201 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

TEL.-WABASH 3820 
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