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IN T HIS ISS U E 

VAR'ACS USED "'lTU 
lNc,\NDE8CENT 

HE!!ISTIVE LoAllS . . 7 

• TELEVISION TRANSMITTERS need 
two types of frequency monitor, an f·m 
type for the nudio channel and an a-In type 
for the video. :Monitoring requirements for 
the audio transmitter arc met by the TYPE 
tl70-A F-l\f Monitor', which is specifically 
designed for both television and £-m broad
cast applications. For video transmitters, 
however, agreed standards of performnnce 
have only recently become Ilvailablc. 

When only a very few stations were on the air, the b"Cncrni require
ments were met reasonably well by t he b"Cllcml-purposc TYI'E l175-A 
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~ G ENER A.l RAD I O EXPERIMENTER 

Frequency Monitor", :lnd from the ex
perience gained in early installations, 
changes in design were made to improve 
perCormance and to extend the range to 
aU television channels', Recently, how
ever, monitoring requirements for tele
vision have been morc definitely estab
lished, since tbe Federal Communica
tions Commission has prepared 11 pro
posed draft. of "Parts 15 and 16 of the 
Rules and Stlilldards Concerning Tele
vision BrO:ldcn.~t Stations." To meet 
these requirements, the Gelleral Radio 
T~'PE 1182-T Television \,ideo Monitor 
has been designed. 

This video monitor, like its general
lJurposc predecessors, consists of u moni· 
tor unit and a deviation indicntor unit. 
11lC over-all principle of operation is 
the same, except that the frequency
offset method of indication is used, in 
order that the direction of the deviation 
be indicated. All modifications have been 
worked out in coopcration with trans
mitter manufacturers, who have been 
supplying these monitors as standard 
equipment with television transmitters. 

The monitor unit is a T1'PE 1175-BT 
Frequency Monitor', which consists of 
a stable crystal oscillator, a hnmlOnic 
generator, n mixer, and an output ampli
fier. The elementary circuit \.<1 ;;howfl in 
Figure 3. 
·'·A Vewolile Monitor lor Vee 'mn, 1.6 \<"I 100 M~p
.,...1 .. ,'· g"'"....;>M"ftlcr. F~bn.o..-y, 194i. 
." .... Fr\'Quene,. MODitor for Televiaio" Video T ........ 
m;n .... and Ower A-M Sorrvi.,..." l::z.txr'''''t1I'tI', Bep
~mbM. 1941. 

, 
The f requcncy indicator is II. TYPE 

lli6-AT Frequency Deviation i\'teter, a 
modification of the standard T YPE 1176-
A Frequency Metcr. The beat frcquency 
to be mcasured is p~scd through a 
scries of amplifiers and clippers to de
velop a square wave, which is then 
applied to a pulse counter circu it. Uni
directional pulses I\]1} applied to II. d-c 
microammeter, whose deflection is pro
portional to the number of pulses per 
unit time, and hence to the frequency. 
Figure 4. shows the hasie circuit. 

ZERO BEAT VS , OFFSET
FR EQUENC Y MONITORING 

When a monitor is designed for maxi
mum flexibility to cover !l. wide range 
of applications, t he so-called "zero-beat" 
method of frequency monitoring offers 
lllany advantages. This method consists 
essentially of measuring the difference 
frequency betwccn n crystal funda
melltal (or h anuooic) frequcncy, which 
has been adjustcd to the desired ch annel 
frequency, nnd the actual transmitt.er 
frequency. The dilTercnce frequency c:l.O 

be indicated 011 3. multi-range, direct
reading frequency meter, which provides 
tl. means for determining the transmitter 
frequency error over a consider:l.ble 
l'lUl6"C. 111is system is particularly useful 
when the applications involve monitor
ing over II. wide range of carrier £1'C
queneies and where the trau:!mitter fre
quency toierlUlcc is cxprc:<!'ed as tl. varia-

Figu .. 2. fl l mlnl .. ry Ichl mCllic d lag.Clm CIt th l monllo. unil , 
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Figu •• 3. EI. monlClry .chomotic dlag.a m of rho troq".nc., du'/a Uon m,'.,. 
ble percentage of t.be carrier frequency. 

Disadvnntllf:,"CS of such an arrange
ment are (1) the lack of a direct indica
tion of the direction of tbe deviatioD, 
that is, wbether the transmitter fre
quency is bigb or low I and (2) the limited 
region Dcaf zero frequency error, where 
the system becomes inoperative since it 
lacks 8. d...c response. The first of these 
limita.tions can be laken care of by pro
viding for a temporAry I:requcncy shift 
of the crystal oscillator, and the second 
by limiting the low frequency cutoff of 
the £rcquency measuring circuit to a 
value comparable to the instantaneous 
stability of lhe trrulS.ciLler. 

For specific monitoring applications 
such M standard broadcast transmitters, 
continuous monitoring is essential A 
direet.·rcading meter 8cnlc, calibrated in 
plus and minus chfUlllcl £req\lency error, 
has become the a.cccpted practjcc. This 
can be achicYed by employing the "offset. 
crystal-frequency" principle, which dif
fers from the zero-beat. method only in 
that the monitoring crystal frequency is 
adjusted to give a known frequency 
difference bet.woon ono of its hannonics 
and the required transmitter channel 
frequency. Thus, when the transmitter 
is exactly on channel frequency, the beat
frequency produced within the monitor 
detector circuit will be this predeter
mined value. If the crystal offset fre
quency amounts to slightly more than 
the half -scale yullio of the calibrated 

metor scale, then the beat frequency will 
not be required to puss through zero 
over any part. of the nonnal range of the 
monitor. A comparison between tbe 
two monitoring systems is shown in 
Figure 4. 

In the 1.ero-beat method, the frf'Q uen
cy meter indicates the beat frequoncy 
directly and hence cannot distinguiJ;h 
between positive and negative trans
mitter fl1!quency shifts. The ofTset 
method employs a meter scale calibrated 
in plus and minus deviations about a 
zero center. The actual bent frcqucne:y 
corresponding to the zero cenl('r point 
of the deviation meter is main ly deter
mined by t he deviation range, t he sensi
tivity requirements of the system, and 
the low frequency rcspome. As the ofT
set frequency increases, the sensitivity 
decreases because the Ililf becomes 
smaller. Very low beat. frequencies 
should be avoided 1.0 lIunhni1.e inter
ference frow power-lille hum or tele
vision synchronizing I! igllals. 

By setting the crystal frequency un 
the low Bide of the desired l.ransminer 
channel frequency, the direction of the 
beat frequency will follow the direction 
of the actual transmitter s:hift. Should 
the transmitter frequency be incorrectly 
set on the wrong s:ide of t he crystttl 
frequency, this condition will be re
versed. This provides u check to deter
mine proper opcrntion. An rul.(>rMtive 
test can Ix> made by s:hifting tho t l'yfitfll 
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2t!!O BEAT OP[RATIO!! 
, 

I ' 

frequency itself, by a small amount.. In 
this cusc, decreasing the crystal frequency 
sbould produce an increa8t in the beat 
frequency. 

DETAILS OF 
THE 1182-AT TELEVI SI ON 

FRE QUENC Y MON IT OR 

The TYPE 1176-AT Frequency Devia
tion Mel.cr is designed especiaUy for tele
vision ,·ideo frequency monitoring. When 
used in conjwlction with the TYPE 
1175-BT Frequency l\ lonitor as a part 
of the TYPE 1182-AT Television Moni
tor, it. provides A direct indication of the 
video transmitter frequency deviation 
from tho assigned channel frequency. 
In accordance with FCC proposals, two 
nlternative scale ranges nrc available, 
3-0-3 kc for TV ciuUlJlcls 2'() inclusive, 
and fH}-6 kc for TV channels 7-13 in
clusive. The scales, shown in Figure 2, 
are identical 1.0 those used on the TYPE 
1170-A F-M Monitor', which bas found 
wide application as & frequency and 
modulution monitor for television aural 
transntitters. 

'r.-. ";t. 

-IQOI!-
TIlto1IIS~rTTER FREQUENCY-

• 

The 3...{h3 kc range employs an off8et 
crystal harmonic frequency of -3500 
cycles; the 6-0-6 kc range baa just twice 
this vulue, or - 7000 cycles. To obtain a 
{ull-ecale range of 6 kc, electrical sup
pre:sion is used in the d-e meter circuit 
to balance out the metcr current corre
sponding to an input s ignal of 500 cycles. 
A standard d-c microammeter meter is 
used, having norillal left deflection for 
zero doC current, but the meter is cali
brated with II. zero center scule. The scale 
zero is made to coincide with the crystal 
hannoruc offset freq uency, thus indicat
ing correct transmitter ch!Umel frequen
cy when this beat frequency is obtained. 
Internal ad justments arc provided to 
calibrate the meter at both ends of the 
scale. SCRle ranges can be easily inter
changed by reversing ihe meter scales 
which have nltcrnative cnli brations on 
either s ide, and making one internal 
connection change. Because of the dif
ferent offset frequency, a change in the 
monitor crystal frequency is also re
quired. 

Since the h ighest beat frequency de
veloped by the monitor is 13 kc, obtained 
when operating at the +6 kc deviation 
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• 
point with the ()"'()-6 kc scale, a low-pass 
filter is inserted ahead of the frequency 
meter to eliminate the television line
frame frequency of 15,750 cycles and its 
harmonics. This filter unit is a plug-in 
device which attaches to the rear of the 
frequency monitor. 

Tho lowest beat frequency developed 
is 500 cycles, obtained when operating 
at the -3 kc deviation point with the 
3-0-3 kc scale; hence the response of the 
frequency deviation meter is made to 

SHTEM8ER, 19<4. 

fall off rapidly for frequencies below this 
point to minimize the interference from 
low frequency television synchronizing 
signals. 

The complete monitor is arranged for 
relay rack mounting, with the TYPE 
t 175-BT Frequency Monitor mounting 
above the TYPE 1176-AT Frequency 
Deviation Meter, and thus provides for 
easy access to the crystal oven. Spare 
crystals can be mounted within the oven 
and selected by means of a panel switch. 

FI, ..... 5. 0.1'10",1 Radla "1,,,lslon ..... anlla .. lIulallod of WBAL-TV, Baltl......... Tho "Idoo 
..... 01'111" 11 of lhe low .. nghl, tho f ........... 01'111" of tho UppoI' loft. Shown opl",llng ttlo Ian.. I. 

R. S. DUncc'n, Chl,f (1'1,11'1_. 
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Three tuning adjustments are reached 
through holes in the chassis. It is not 
necessary to change these adjustments, 
except possibly during the initial instal
lation, and tho settings arc not critical. 

To bring the monitor readings into 
agreement with an external frequency 
check, a small adjustment has been pro-

• 
vided which will shift the crystal £re
quency by a small amount. For reasons ..-... 
of maximum stability, this control is 
located within the temperatu re-coo
trolled crystal oven and can be reached 
through an access hole in the side of the 
ovco . 

-c. A. CADY 

FEATURES OF TH E TELEVISI ON VIDEO MONITOR 
1. High sensit ivity, rcquiring negligible power from transmitter. 
2. High-stabi lity, tempcrature-controlled, crystal oscillator. 
3. Operates directly from t.ransmit.ter-modulated signal. IJldication IS un-

affected by television video modulation. 
4. Direct indication of frequency drift from assigned cbannel. 
5. PtUlcl switch for stand-by operation . 
6. Provision for remote frequency deviation meter. 
7. Pallel ind icator to check crystal oscillation . 
S. Panel indicator to check monitor output. 
9. Adjustment to ~ct monitor in agreement with frequency measu ring service. 

10. Spare crye-t al pooition~ (3) selected by panel switch. 
11. Switdl for check of crystal offset freque ncy. 
12. No critical adjuf;tments. 

SPEC if iCATI ONS 

T.onlmln.r ' reque ncy Rong., 100 to 220 Mc. 

O .... lo'l.n Ronge: 3-0-3 kc for t.c:leviaion chan· 
nels 2 to 6 inc1uaive; 6-0-6 ke for chaunels 7 to 
13 inclusive. 

AccurocYI Crystal freque llcy, when monitor is 
received, is within =1:-10 pllrta per million 
(0.001 %) of specified channel frequency. Cen
ter-frequency reading cnn be adjusted to bring 
monitor into agreement with frequency mellllur
iug IieTvioo. 

S'oblll'yl ±O.OOI %. 
Inpu' Impe donce, High.impedance circuits for 
channels 2 to 6. ooa.xilliline for channels 7 to 13. 
Complete coupling diredions Are included in 
the operating IOstnlctions. 

Type 

1 '.2-T IVld.o fre que ncy Monitor . 
·For Oentnll lb.dio DI .. d: C ..... kl .. Pa""l Finillb. 

Vocuum Tub ... 
I-6A07 1~6BE6 
1-6AG7 I~OD3(VR150 
1- 6E5 1- 6SQ7 
I-6SN7GT 1-6.15 
1--6H6 I- OA3/ VH75 
2-6SJ7 1- 6V6 
2-6X5 I- Amperite 3-4 

Ace. n o. I •• Supplied; Al l tubes, connecting 
cable, nnd power cords; plug-in filter; one 
quartz pilite. 
Mountlngl 19-inl'b rela.y rack pnnel. Walnut 
end frnmCl! are IIvRilable fOT table mounting; 
800 price list below. 
Dlmenllonll Panel. HI x 12){ inches, overnll; 
depth behind pAnel, ll X inebell, overall. 
N.t W.lght , 42 pounds. 

CoM Word 

" LERT $675.00 · 

1'11;" inllttll,nent ;" oovered b), U. S. Paltnt. No., 1.907.IM; 2.012.~ 97: 2.362.003; . nd IA lieeruoed lIoder Jl&Uln~ 
of th .. . ~mtriun Telephone. and 1'tl"S'Bph Company. "l1li under patent.t allll pateM a pplieatlo,," of O. \\ . Pie"",. 
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VARIACS USED WITH INCANDESCENT LAMPS 

AND 

OTHER RESISTIVE LOADS 

Variac adjustable tr3nsfonners should should, of course, be zero whenever the 
Dever be subjected to load currents in load is cold. 
excess of five times their rated current. A choke coil in series with an "in· 
Unfortunately, certain londs drnw large 
inrush currents when cold . A modern 
120-volt inclludescellt lump meaaurcd 
by the writer showed a ratio of cold-to
bot current of 13.9 to 1. Heating de
vices exhibit similar though less severe 
characteristics. 

Variac instructions specifically state, 
"Always set Variac to zero before 
switching to avoid surges." Apparently. 
some Variac users have interpreted this 
n.s baving reference to reactive londs 
(predominantly inductance or cnpaci· 
tance), but i t applies just as full y to 
resistive loads of the type under dis
cussion. If the instructions are followed, 
full voltage will not be applied to the 
cold loud, and, na the Variac is turned 
up to line voltage from zero, the load 
will have time to heat suffi ciently to 
limit the inrush current to a reasonable 
vuluE'. 

If the land must be switched rapidly 
off and on at full voltage, it should be 
disconuected from the Variac and con
nccted to the line before 60 doing. A 
"snap-action" toggle switch or relay 
may be used to change the load from 
V&riac to line. Such switching intro-

,-. duces no perceptible fticker and &\'oids 
throwing :l cold load aCJ'()l!s the full 
Variac output. The Variac setting 

nlsh" load will serve to limit the surge 
without seriously reducing the load 
operating voltage. The choke should 
have an inductance sufficient to limit 
the load current to five times the Yariae 
rated current even with a r.cro resistance 
load. Under the worst conditions such 
a choke will reduce the load voltage by 
not morc than 4 per cent. The indu ct
ance may be calculated by the formula 

Load Volta 
L - ""'0",7= 31.4 flR 

where L .- indu(..1.ance in henrys 
J =frequency in cycles/second 
IR=Vnriac rated current in 8J11-

per'" 
The choke must be large enough to 
maintain its inductance at five times the 
rated current and mast be capable of 
carrying the load I..'urrent continuously. 
Unfortunately, chokes that wilt effec
tively limit the output of the larger 
Variacs nrc, themselves, bulky and ex
pensive, a factor that olten makes their 
use impracticable. 

Another alternative is to reduce tbe 
Imid until its inrush current falls wilhin 
the Variac limitation, but this redu ces 
the load unduly liS compared with either 
the choke or Jlwitcb method. 

- GrLBERT SlIILE1' 
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MISCELLANY 

TELEVISION MODEL OF THE 
F~M MON ITOR 

The General Hadia Company now 
supplies complete monitoring equip. 
mcnt specifically designed to meet the 
requirements of television broadcasting. 
For monitoring the video transm itter, 
usc the TYPE 1182-T Television Video 
Monitor described above. For the Rud io 
t ransmitter, use the TYPE 1l 70-AT 
F -M Monitor. the television model of 
the F-M Monitor described in the 
Ezpmmenler fo r October, 1947. 

RECENT VISI TO RS to our plant and 
Laboratories - From India: Mr. Copal 
Chandra Sen, Lecturer in l\'[echlll1icnl 
Engineering, College of Enginccring 
and Technology, Bengal; Mr. Ram 
Vepa, Indian Institute of Science, Ban
galore; and Mr. P. Chawla, New 
Delhi. 

- From Swilzerland: Dr. Julius E. 
Weber, Swiss Aluminum Co., Aleona; 
Dr. E . Bruno Siegrist, Geneva; and Mr. 
Gerald Neon, Ceneva . 

ERRATUM - In ou r August issue it was stated that War
burton-Franki, Ltd., manufacture Variacs in Melbourne, 
while the city that should bave been mentioned is Sydney. 
The editor offers. his apologies to Australian readers. of the 
Erperimenter and bastens to assure them that be knows these 
two cities nrc some 400 miles apart. 

THE General Radio EXPERIMENTER is mailed without charge each 
",onth to engineers, scientists, teclu licians, and otliers interCllted in 

cornmunication.frequency rnensurernen t tutd control problems. 'Pllen 
sending request s for su,bscrip tious and nddress · challge notices, please 
supply the following i"fornwtion: nam e, co m pany oddress, type oj bu si
n e" company is engaged in, and title or posi tion of individual. 

GENE RAL RADIO COMPA NY 
215 MASSACHUSETTS AVENUE 

CAM BRIDGE 3S MASSACHUSETTS 
TELEPHONE : TRClWbrid,. S·HOI 

BRANC H EN GINEE R ING O FF ICES 
MEW TOUt I. MEW YOU 

to WEn nRtET 
TH.-WOITIt J·IIB 

lOS lflCHE S II, CALIFORNIA 
lSI flORlH ItlllltllHO lHHUE 

HL._ ItOlLYW OOO 1201 

CKICAGO 5. ILLIHOIS 
120 SOUTH MICHllilM AYEHUE 

TH.- WAllSlt JIll 

.. ' ..... .. 
" .. 
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