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A BALANCED MODULATOR FOR 
PULSE APPLICATIONS 
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e l N THE MARCH , 195 0 , EX PERI 
MENTER , a simple loss-type modulator 
('['HE lOOO-P6) using a silicolHrystal 
d iode was described. T his device mucic 
possible wide-freQuency-range n.mplitudc 
modulation of exist ing oscillators and signul 
generators. At a nominal expenditure, test 
sources for pulse and video systems were 
thel'cfore made l\Vuilable to the engineer. 

previollsly hampc]"(.'(i by lack of even expensive alternatives . 
:\ot only did this device permit modulation frequencies fur in cxt'ess 

of tho.<>e prc\·iotlsly ilVailable in test instruments, but- also the generation 
of the amplitude m<xlulation substantially without incidental frcqucncy. 

Figur. I. Th. Typ. 1000·P7 8010nced Modulo lo r lin foregroundl .el up with the Type 1217-A 
Unil Puhe, to pulse-modula te th. Type 1021·A Stondord S;gnol Generotor. 
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modulation. The modulator was there
fore useful not only for television, radar, 
1Uld other applications requiring wide
band modulation but also for a-m tests 
on f-m systcms and for tests of omni
range equipment, where freedom from 
f rn is essential. 

The success of this device fo r s imple 
uses has led to the de\'eioprnent of a 
Dlore sophisticated device, the TYPE 

lOOO-P7 Balanced Modulator, which has 
a still wider range of applications than 
tbe single-diode model. 

The limitations of the TYPE l OOO-P6 
Crystal-Diode Modulator a rose prin
cipally from tbe capacilive leakage that 
occurred when the crystal impedance 
was high. This reduced the percentage 
modulation at high carrier frequencies 
below that which could be obtained at 
low frequencies and thereby limited its 
usefulness. 

This capacitive leakage CRn be materi
ally reduced and, in fact, a nearly per
fect null obtained at a particuJar value 
of modulating voltage, by adiusting the 
resistive balance as well as the capaoi
tive balance in a. balanced-modulator 
circuit using two crystals. With this 
method of operatiun, used in the TYPE 
lOOO-P7 Balanced Modulator, pulse 
modulation with GO db ratios of off-on 
can be nchievt>d , M well as substantially 
perfect 100 per cent modulation for 
video testing. 

figure 2. EJementary ,,"emalic circuil diagrom of ,"e 
Type IOOO.P7 BaJanced Modula lor. 

.. 
~ 

CIRCUIT 

T he elementary schematic iJI uslmles 
the principle of operation of the T YPE 
l OOO-P7 Balanced Modulator. T wo crys
tals are used, with a phasing line 80 ar
ranged that thc carrier voltage applied 
to oue d iode is 180 degrees out of phase 
with the carrier voltage appHed to the 
other. The relative biM currents applied 
to the diodes can be adj usted to equalize 
their impedances and consequen tly pro
duce a null in the carrier output. 

The adjustable phasing line is a 
"trombone" section of coaxial line, which 
must be set to an odd multi ple of one
half wavelength at the carrier frequency. 
The BALANCE control iss. differential con
trol in the bias supply . A 1IlAS control, 
not shown in the schematic, is provided 
wWch permits setting the operating 
poi nt on the diode characteristics for 
beet linearity and which also operates a 
switch in the extreme counterclockwise 
position to disconnect the bias battery. 

T he d iodes are oppositely poled so 
Ulat an applied pulse or modulating sig
nal increases the impedance of one while 
decreasing the impedance of the other. 
A pulse of eitber polari ty will d rive the 
circuit from the initial balanced COIl

dition to produce a pulse of radio--fre
quency output. T he carricr level bt.'
tween pulses depends Oil the degree of 
balance of the circuit. It is relatively 
easy to obtain a residual carrier level 
60 decibels below the pulsed level. 

For the uSllal a mplitude-modulation 
applications, the BALANCE control call be 
offset to insert the desired amount of 
carrier. Since the modulator call be 
operated !lS close to balance as desired, F·~ 

" !-
..... , very good linearity can be obtained . 

With propcr adjustmcnt of I1L-I.S aod 
BALANC E controls, good li nearity at 100 ~ 
per cent modulation can be obtained 

~. 

~ -
with IO millivolts of radio-frequency 

I 
I 
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output on modulation peaks. The os
cillogram of Figure 3 shows the modu
lation characteristic obtained at. a carrier 
frequency of 900 megacycles at this 
output. level. 

CONSTRUCT ION 

The cutaway view of the basic modu
lator unit shows the internal arrange-
meot of components. The radjo--fre
quency-input connector is at the top 
right of the pict.ure, tbe adjustable line 
cono(.'(!tore are at the top, and the radio
frequency-output. connector is at the 
lop left. The modulation-input. con
nector is at the bottom left. The two 
crystal diodes join the output connector 
via two built-in capacitors. The modu
lation-biaa-feed chokClB are in the middle 
compartment. The resistors in the lower 
compartment constitute a mixing pad for 
superposing tbe d-c battery biaa and 
modulating signal. 

PERFORMANCE 
Figure I sbows the TYPE IOOO-P7 

Baln.nced ~'lodulator set up to pulse
modulate the TYPE tOZ t-A U-H-F 
Signal Generator with the TYPE 1217-A 
Unit Pulser supplying the modulation. 
The Adjustable Line is shown with one 
of the fie.'\:ihle line extensions which are 
used at carrier frequencies below 400 
megacycles. 

This metbod of pulsing oscillators and 
signal generators has a number of ad
vantages over the conventional method 
of starting and stopping the oscillator. 

The \Vav~sho.pe of the modulating 
pulse is preserved in lhe pulsed output., 

flour" 3. Amptltud" modulation <:haract"ri.tle 01 900 
m"oacyd" •. P"a~ ,- , OIItpllT I. 10 millivo!tt, r-I Inpu', 

.50 mlMlvo!1'$. 

... ~ . 

. i 

A.PI IL , 1 954 

f iou" 4. C",away ylltw of th" _dulalar, .hawinO 
Int",nal com"I.'C'ion and arrano"m.n' of "I"m"nt •• 

and yet a high on-ofT ratio is obtained. 
In addition, the r-f output is coherent. 
with itself from pulse to pulse, i.e., the 
phase of the r-f carrier at the beginning 
of each pulse is the SlIme as it would be 
at that instant if the carrier wcre un
modulated. 

The coherent r-f signa] with pulse 
modulation is difficult to obtain in the 
pulsed oscillator, but with the external 
modulator it is provided automatically. 

With an internally modulated gen
erator, the wave-shape of the leading 
edge of the pulse is modifi~ by the 
starting conditions of the oscillator, 
which must depend upon circuit noise, 
feedback, and impedance relationships. 
The oscillogram of Figure 5 shows the 
applied pulse from the TYPE 1217-A Unit 
Pulser and the resulting radio-frequency 
pulse. The rise time of the applied pulse 
is about SO millimicroscconds Ilnd the 
fall time is ISO mitlimicroscconds_ The 
resulting radio-frequency envelope shows 
110 degradation of pulse shape, 

Ao"r. 5_ OK~lovram ohawinO modulollno pul .. and 
, _f oulput p~I.". Pul." d",ation il 0.25 ",ec wit+. 0.0.5 
"'''( lis" lim,,_ Carri., Ir"qu"ncy il 60 m"va(ycl" .. 

Seal" i. 0.1 "'" PItt harilanlal dM.ion . 
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GEHERAl 1.1. 010 IX'flt IMEHTEI • 
The high on-oiJ ratio (60 db) is an 

advant:l.ge in testing radar Rnd other 
pulsed systems because ~t permits the 
test. cond ition to approximate very 
closely the normal operating condition 
of tbe system. 

USES 
The modulation frequency response is 

flat. to 20 megacycles, making the modu
lator suitable not only for sbort pulses 
but for any wide-hand modulation. Tele
vision video is easily accommodated and, 
since the modula.tion characteristic is 
flat to dc, even a d-c component. can be 
included with the modulating signal. 

Since linear lOO-pereent modulation can 
be obtai ned throughout the U-H-F TV 
band, the TYPE I()()()..P7 is superior to 
the TYPE 1000-1'6 for TV applications. 
As with the cnrlier type, t he resulting 
signal has double side bands nnd, if it is 
desired to simulate c,xncLly :l standard 
TV picture signnl, a vestigial side
band filter must he provided at the 
radio-frequency Ollt.PILl. 

Other uses includt, testa 011 micro
wave relay systems using multiplex 
pulse-code modulation, on omlli-range 
and DME e<lu ipmcn t, 011 tciemeterillg 
circuits. and Oil high-resolution radar. 

- W. F. BYERS 

SPECIFICATIONS 

Co"I.,·f ..... " , ., Ro"I4: 60 to 2300 mega()'clee. 
Modu ... II .... F .. qu."c., b" • • , Flat from 0 to 20 
megacyclee. For pulsing. \.he neo.tinle contri· 
uution ill 1_ tban 20 millimicroeo«lnW!. 

""pO"""'.' The impedance looking into either 
inllut or output terminals ill a functioD or the 
bi!UI and modulating voltages. TI,e sou~ and 
lool! imlMldanCEIII ahould be 50 ohllUl. The 
impedlillce at the mQdula.tiQn input ill 50 QhllUl 
%5%. It i~ recommended that a Typl!l 874-GJ·' 
(20 db) or a TnE 874-00 (10 db) fixed 
nl lcnulltar be used at the inpul Ilnd another at 
the oulput wheneller the nlteuull tiQIl eIlU be 
tolemted. Tho attenUll tQr at the input ill 116Cful 
rQr isoilltion to minimi1.e reaction Qn the 
OI!cilllltQr r~Juen('y and henee frequenny 
m()duilltion. The attenuator III the Qut l)U! 
pcollidtl!' a known source impedance for gain 
lUll! nQise me3llurements aDd infIuree that the 
propcr load ill pre8Cnted. 
M ...... Io/I.": Douh1e-«ideband suppr-t-eanier 
modulatiQll, pulse mod ulation ,,·ith fIO...db 
tarrier IUllpretl6ioli bet":eeu pu18ee, and 100% 
Il.Inrlitude modulation can be obta ined through
Qllt lhe carrier frequenc.y raDge. Oue 1I01t, peak, 
>\t the IIlodullltiQn termilUlle is slifficient ta 
produce full r-f output from n :rero output 
militlJ condition. 
R-f Oulpul, A maximum output of 10 millillolu. 
into JI 5(k)hm load tan be obtained durin/( 
puJ.seiL or at modulation penlu!. with II lIOurce Qf 
50 millilloltAI behind 50 Qhm8. At thilliellel aod 
lit 101\·er input levela, the modulatiQn ch~ 
t.eristics are ilKlepeoocnt Qf input VQltage. 
However, !IOme"hllt higher input voltagea 

T"" 

and, consequently, higher Olltput lIoltngee are 
permi!l.'!ible if biaa and bll i/inee readjustments 
are msde for each chaoge in lelle1. The r-f 
source must not exooocl 0.5 volt behind 50 ohlllll 
Qr the crystal diQdes may be dH.ll1lIged. 
8 .... SuppL.,: Oi88 is supplied by a self-eonlained 
battery consisting or res.dily nvailable, in. 
expensive ftashlight cell. 
hrmlnaL., The radio-frequcncly input and ouiput 
terminals alld the modulllliQn input terminal8 
W'e TYPE 874 Couilll Connec.torll. T he radio
freq uency inllut terminal is of proper elclliltion 
to plug directly into the olltrJUt cooueclQr or 
the TYPE 1021- A Signul Oencrntor. 
Cty'I'o1 DIad .. , T \\'o T YPE I N21 - B. 
A ee. lla.illS SuppU. d, One TyPE 1000-P7-28 
4O-em Cllble; olle TTI'I'J 1000-1'7-28-2 8()..cm 
Cable: one T vvl': 874-C Cnble Connector; four 
1.5-lIolt bi!lJl cella. 
0111 •• .1. ..... 001 .. R.""Ir. d: Terminal &darto"" 
unieM Ilenerntor and load lite equil)ped with 
TYPE 874 Coa.:cial Con~torl!: 811i(.:l ,Ie OOII.~il1l 
C/lble for connecting modultlt ion lIOurce. 
A ....... rI.. A" .. ILab l.: Type 874-CF Fi"ed 
Attenuatar, 20 db; TnE 87+0 0 }o' ixcd 
Attenuatar. 10 db ; TYI'~ I()()()..PS V·iI·I-' 
Transformer ; TnI') 87+B.20 Patcb Cordi 
TYPE 874 Adnptor to type!! N, OXC, C, anu 
UHF' conncotor!l nlld to TYI'~ 938 Oinding 
POIlU!. 

OI .... ".la ... : (Including fullr extended ad
jUl!table line) 30 inchee (wllhh) x 3 inchCl! 
(height) x 5 incbeB (depth) over·all. 
H. I W.ll1hl: 6 pounds. 

Cod~ Word Prin 

1000 .. 7 I SaLa"e .... Modulal .. ....... 7 ....... . . $225.00 
v.a. 1'.w.1t No.. 7.12~.81& iNld 2~S,467. 
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AND NOW-TO MONITOR COLOR TV 
The nction of the Federal Communi

cations Commission on December Ii, 
1953, ill approving the NTSC recom
mendation of technical transmission 
standards for commercial color tele
vision broadcasting i ll the United States 
has resulted in widespread activity in the 
ent ire television industry. The implica
tions for lhe TV transmitter manufac
turer and stillion oper!ltor are Illany and 
complex - but. tbe frequency-monitor
ing and au ral-modulation-monitoring 
problems can immediately be crossed off 
as having been solved at their inception . 

FCC Colo r Specifications 
The new specifications for commercial 

color broadcnst leave the visunl carrier 
tolerance unchanged and substitute for 
the relatively brood aural-<:arricr toler
anee a much l ighter tolerance in terms 
of the 4.5-i\'lc intercarrier separation 
frequency. Finally, to maintuin Ii higb· 
qualit.y signal even in the presence of 
the added color information, the color
subcarricr frequency of 3.579545 1\'lc and 
the related line nnd frame frequencies 
are required to be held to within ±3 
parts per million. Although the FCC 
docs not specifically state that a monitor 
be used for maintaining this high ac-

figure 1. Panel view of Ih. Typ.llB l.AT 
CoIor·Subcarrier Monllar. 

curacy of color-subcarricr frequency, 
the need for such an instrument is ob
vious and has already been expressed by 
major telc\'ision transmitter manufac
turers. 

Table 1 summarizes the accuracies re
quired by the FCC and shows also the 
implied minimum Il.ccuracics of moni
tors designed to measUl"C the listed fre
quencies. Reference will be made at a 
later point in this discussion to the third 
column which shows the monitori ng ac
curacies provided by Genera l Radio 
equipment. which is now ill production. 

TABLE I 

Comparison of FCC transmitter requirements with implied monitor accu racies 
and General TIndio guaranteed minimum flccuracies in NTSC color television. 

pee requirement I mpiied 
(/rallllmWtd Monitor 'II! gooTlinlud 

rigll(li accuracy ) accuracy mllilmum flCCuraCtJ 

Visual Carrier Frequency ± 1000 eydet! ±500 cycles ±500 eyelet! for 
10 to 90 days· 

I nterearrier Ser.::mtion ± 1000 eydea ±500 cyclel!l ±500 cfi'eles for 
Frequency 4.5 Me) 6 mont 1.5 

Color Subenrrier ±3 ppm 
Frequency (3.579545 1'I Ie) (± IO.7 eydel!l) 

±5.35 cydes ± I cyrln for 30 da.r3 
±5 eyrlC!l for I year 
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GE N fRAL RADIO £ X rfR I M ENTER • 
Station Monitor Performance 
Black-a nd-White VI Color 

The TYPE 1183-1' TV StalloD Mon
itor hlts bt.ocn ill full prodllction for well 
over 11 year, Ilnd more than three hun
dred nre now in operation with black
Ilncl-white transmitters in the United 
States and abroad. 1n this service, the 
monitor is required to provide !l.Couracics 
of ±500 cycles on indication of visual
transmiUercarrier frequency and ±2000 
cyclC6 on indicalion of aural-transmitter 
center frequency. Actually, when an air 
propriaV' frequency-checking schedule 
is followed for the visual carrier, the 
maximum CITor in the aural monitor is 
less tball ± 1000 cycles per year. 

The dovialion of the inlercarrier sepa
ration frequency from 4.5 megacycles is 
given by the algebraic difference of the 
indications of the aural- and vieual-cnr
ricr de\'iatioll meters. 

It win be recalled by users of the 
Station Monitor tbat ita circuit design 
utilizes a Bingle master reference crystal 
for bolh of these functions. Any error in 
lhe clei,erminlltion of intercnrrier devia
tion is therefore independent of this 
crystal Dnd is a lmost completely de-
termined by the stabilitic.s of the met.c.r
ing circuits used ill the aural and visual 
monitors. Thl' former is bct.ter than ±200 
cycles Dnd the luLter better than ± 100 
eyclee for uny thirt.y-day period. Tbe 
maximum instability of relative fre
quency indication that can result is less 
limn ±300 cycles for a. comparable 
pcriod. 

Furlher, experience over much longer 
l>eriods of time shows that the relative 
indicnti01l1J will prCJVide a meC18ure oj 
intercam!'r separali(m frequency to bttler 
than ±SOO cycles /or a period of at kast 
aU: months. This is not at. all surprising 
whon it. is realized that meter and meter-

nature and do not normally produce II 

progressive drift. in anyone direction. 

Tim e-honored Mon itor - Ne w Applica
tion to Subcorrie r Monitoring 

The new Tl'I'E J ISt-AT Color Sub
carriel' l\.'lonilor is an ada]>tation of the 
universally employed nnd widely ac
c1nimed Tn>E IIS I-A A-td Frequeney 
Deviat.ion Monitor, about 1400 of which 
are now in .service in 8.-m broadcasting 
stations. This monitor provides 8. de
\'iation rnnge of ±30 cycles wit.h one
cycle divisions nud affords a stability of 
better than aile part per million when 
used in the frequency runge from 500 to 
2000 kilocycles. Except for this fre
quency-range limitation, the A-I\'I Fre
quency Deviation Moni tor is ade<llmte 
without modification for service as a 
color subcnrrier monitor. 

A high-stability plated quartz {'r)'sUlI 
developed by the Bell Telephone L .. '1hOl"<.I
tories a. few years ngo hilS been a. major 
factor in the success of the TV Station 
Monitor. On the pre.rnise that color
transmitter l'ngincers will w~nt 1.0 avail 
themselves of us much of the 3-ppm tol
erance on tbe color suoonrrier ns they 
CAn, the General Radio mOllitor-en
gineering group has built this crystal 
into the new TYPE 37G-Q Cr.r~tn.1 As
sembly. Suhstitution of this assembly, 
adjusted for monitoring 3.579545 i\le, ill 
place of the oldcr TYPE 37G-L Quartz 
Plate - without further change in the 
ci rcuits of the instrument - resulted in 
immediate saLisfaetory performance, and 
subsequent long-time checks permit 
stability ratings of ± I cycle for thirty 
days j.Ild ±5 cycles for one year. 

'rhe monitor incorporating the TYPE 
37G-Q Cryst.al Asscmbly has been identi
fied as tbe TYPE 1181-AT Color Subcnr
rier Monitor. A 1'YI' E 27-1-ND Shieldcd 

ing circuit instnbilities are of a random Plug is supplied for coupling to the color-
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subcarrier source in Lha transmitter 
- lhrough a suitable length of shielded 

cable. All of 1 he desirable features of t.he 
original A~M Monitor are retained. Some 
of these are: 
{I) AbiliLy to opcm te OIl input signals 

ranging from 10 roy to 1 volt; 
(2) High noise rejection in na.rrow~band 

i-f system; 
(3) Performance unaffected by ampli

tude modulation whether extraneous 
or ot.herwise; 

(4) Panel adjustment of frequency d~ 
vialion indication to bring monitor 
into agreement. with independent. 
frequency measurement~; 

(5) PIl.Ilci lamp indication of failure of 
monitor input signal; 

(6) Homote metering facilities. 
To sum up, the combination of tbe 

TYPE 1183-1' TV Station Monitor and 
the TYPE l1 8l-AT Color Subcarricr 

,,- "Monitor provides complete facilities 
well within the latest requirements of 
the Federal Communications Commi&-

..... fi l l , 1 9 S 4 

sian for monitoring the freq uencies in
volved in commercial color-telcvision 
t ransmissions. Comparison of tbe second 
and thi rd columns of Table J shows that 
minimum guarantoc>d stabilities suggest. 
the need for: 
(1) Independen t. frequency measnrc

meot of the picture carrier frequency 
at intervals ranging from ten days for 
Channel 83 to over three months for 
Channel 2; 

(2) Concurrent measurement of the 
souod carrier or intercarrier separa
tion no more frequeoUy than once in 
SLX months regardless of cbannel; 

(3) Independent measurement of the 
color subcarrier about once 1\ year. 

All of these periods represent minimum 
requirements compatible with guaranteed 
accuracy, and experience on the part of 
the operator will in most instances per
mit his extending the interval between 
frequency checks markedly after the 
equi pmen t has been in service some time. 

- W. R. SAYLOR 

MAY-MONTH OF EXHIBITS 
Tbe month of May will find General 

Radio engineers setting up exhibits of 
equipment in mllny parts of the country. 
If you attend any of the various meet.
ings aDd conferences listed be.!ow, we 
hope that you will drop in to see the 
General Radio display and to talk over 
your measurement problems with Geo
eral Radio engineers. 

NEW ENGLAND 
RADIO ENGINEERING MEETING 

Hotel Sheraton Plaza - Badan 
May 7 and 8 

Sponsored by the North Atlantic 
Region of the Institute of Radio En
gineers, the NEREM. was Lbe first of the 
regional IRE annual meetings. The 

. 
Seventh Annual Meeting this year is a 
two-day affair with a well-beJnnced tech
nical program. General Radio will be 
there in Booths 40 and 41 . 

NATIONAL CONFERENCE 
ON AIRBORNE ELECTRONICS 

Dayton Biltmore Hotel - Dayton, Oh io 
May 10-12 

This annual conference, sponsored 
jointly by the Dayton Section of thelRE 
and the Professiollal Group 00 Airborne 
Electronics, hna for il.smotto" Electronics 
- the Key to Air Supremacy." General 
Radio will be in Booth II -A, as ill pre
vious years. Engineers ill attendance will 
be Frank D . Lewis, Robert K Bard, Kip
ling Adams, and WiUiam M . lhde. 
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GE N ER AL _A DI O E X PERI M E NT E_ • 
SYMPOSIUM O N IN DU STRIAL 
HYGIENE INSTRUM ENTATION 

University of Michigan 
Ann Arbor, Michigan - May 24-27 

The puq>osc of !his Symposium, coJ\~ 
dueted by the School of Public Health 
and the Institute of Industrial Health 
of the Universit.y of Michigan, is to pre
sent what is known, what is available, 
and what is needed in instrumentation 
for industrial hygiene through tbe medi
um of exhibits, discussions, comprehen
sive reviews, and technical papers. Here, 
the General Radio Company will ex
hibit. its complete line of sound-measu .... 
ing equipment, as well as other items of 
interest to industrial hygienists . . Ervin 
E. Gross, Jr., of our development staff at 
Cambridge and William;\f. Ihde from our 
Chicago office \.,.ill be in attendance. 

equipment will be held in the main 
Clinical Building on these dates. Drop -
in to sec us at Booth 16. Geneml Radio 
engineers in attendn.nce will be Myron 
T . Smith, Robert J . Caldwell, and John 
C. Gray. 

IRE SEVENTH REGIONAL 
TECHNICAL CONFERENCE 

Multnomah Hotel - POr1land, Oregon 
May 5-7 

Genoml Radio will participate in the 
show held in conjunction with the eon
ferencc. On hand to greet you will be 
Frederick Ireland of our Los Angeles 
office. 

INSTRUMENT SOCIE TY OF 
AMER ICA 

SEATTLE SECTION MEET ING 
Ma y 19-20 

NATIONAL INSTITUTES OF HEALTH Frederick ireland of our Los Angeles 
Bethesda, Ma ryland - May 24-27 office will exhibit a group of Gencral ...,... 
The fourth annual exhibit of research Radio inslrument-a at tbis meeting. 

DELIVE RI ES ARE GOO D 
or tbe t75 major type categories listed in our latest general catalog, t 71 arc 

available for immediate delivery. Of tbe remainder, only -1 are temporarily back-. 
ordered for delivery longer than 30 days. They will be in stock soon after that. 

The. TYf'E 1000-P7 Balanced Diode Modulator, described in t lus issue, a new and 
especially interesting instrument, is available in limited qUfUltities now - many 
more il.rc in process for stock delivery this su mmer. 

GENE RA L RADIO COMPANY 
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