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A STANDARD SIGNAL GENERATOR 
FOR THE 900 - TO 2000-Me RANGE 

The new 'l'yp~~ 1021 -1\ W Standard­
Signal Generator covers freq uencies be­
tween 900 and 2000 mcgacyrles, which 
include the important band of 900 to 
1220 megacycles used for 1)1'.1 E and 
safety beacon transmissions in aircraft 
navigation. 

The iotal range covered by the popu­
lar Tne 1021 line of signal generat.ors 
is nOli" 40 '- to 2000 mcg:u'yclcs, ('ovcred 
in three units, as shown in Figure 2. 

The tuned circuit of the TYI'~: 12 18-A 
Unit Oscillaior, which was described 
last month, fo rms the basis of t he TYPE 
1021-A \V 900-2000-r-.lc Stand:\rd Signal 
Genemtor sholl"/1 in Figum 1. The nCII" 
oscillator unit is shown at t he right. 

Figu re 1. Ponl ' View of th l 
Typl I 021 _AW Slondard_ 

S[gnol Generotor. 
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The power supply and the cabinet arc 
the same as used already all two 10wcr­
frequency signal genemtors which were 
announced I\'[arch 1!)50.' These two 
older os(:illnt.or units arc t uned by 
wi de I"Unge butUll"lly circui(."l. 

In external appearance and in opera­
tion t he thl"Ce oscillator units shown in 
Figure 2 :u'e vcry much the same. They 
all are triode oscillators with slow-mo­
tion drives and 1:nge direct-reading fre­
quency d ials. Output call be ad justed 
from I MV to I volt wiLh the second 

'The "'n~c "r t he "_h_1 ,,,t><Id. T .. p~ 1021·'\\' 11M b .. ..,n 
"Xic,,,led down I<> 40 :-'Ic in "rd~r to i"dude tple"i~io" 
i_I lr<)<t"C"ci~. ~ p,,~e I. 
'~~d"ftrd Karpl"". Er";n E. U...,... ... A <;,,,,,d,,,,f_Si,.,,al 
(iCM",\or ro. F""lnenp.i .. n,·'W .... 11 ,W ""d 9"20 ~Ic'" 
r.<n",al k<r<lio 1:1""";,,,<nl ... Vol. XXI\', :-.'"0. 10. 1\);-,0. 
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large dial on the front panel, which con­
trols the coupling in a calibrated mu­
tual-inductance-type attClluator. The 
ou~put level and the output. impedance 
arc established by a diode voltmeter 
and a termination resistor as shown 
schematically in the lower part of 
Figure 3. The output meter, which is 
located in "he power-fiupply compart­
ment, can be calibrated in tcrms of an 
accurately known GO-cycle voltage. 

Modulotion 

Unlike the two lower+frcquency gen­
erators, which are amplitude modulnt.ed 
by si nusoidal voltages, the ncw high­
frt'flut'nr,r tlnit is dcsignt.'l:1 for amplitude 
modulation by square Wilves from an 
external sotlree. Squlll't'-wavc moJuln.­
lion , which effectivcly eliminates inci­
dl'lItal frcquene,y mootlbltion. has many 
advantages in high-frequency measure.. 

ments, and, in addition, is particularly 
dcsirable ill this gener:ltor, which hus a 
high-Q tuned ejr('uit between thc os('H­
!:ltor and the nttenulltor. 

Tuning 

The frcquellcy..(let.crmining element 
of the oscillator is a quarter-wave line 
between plate and grid of a pencil-type 
triode, and output from the oscillator 
is obtained by n coupling loop located 
in the movable shorting plunger of t he 
line. The attcnuator must be cou pled 
to an elemcnt that. carries high cu rrcnt 

t ..... " -
"1:'. II -

IItJtrAGr 
!.JA"/,IIW -, ,,,,,, ... , 

-, -""- -" . ...... _.,eo ... __ 

~..rrL····.LI 

• • 
"IU" 3 . functlonol ICh'molic dlolrom of Ih . 

n .... oIClllolo ... n il, Typ . l021 - P4. 

at all frequencies and is stationnry in 
space. This is made> possible by n quar­
ter-wave circuit with movablc ccnter 

fig .... 2. Vi .... . , Ih . po ..... " 'pply u nil and Ih. Ihr .. oICmolo ... nh. Ihol mo~ ... p Ih. Typ' 1021 ... i,. of Ilgnol g,n .. olo ... Oleilloio. unill ar. Inll.chang.abl. mechanically . 
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• 
conductor as shown schematically in 
the upper part of J..'igure 3. This auxili· 
sry circuit. is electrically coupled to lIlc 
06CiIlntor by II. link line and ganged to it 
by joining tbe movable center cOllduc· 
tor to the movable short circuit of thll 
oscillator. 

Metering 

Since the resonant frequency of tht, 
diode·type output indicator is only 
twice the maximum frequency of the 
signal generator, a frequency correction 
for the voltmeter error is required. The 
correction, which varies from about 
10% at 1000 ]\rl c to 30% at the high end 
of tho frcqucncyrangc, is obtained auto­
matically by the potentiometer mounted 
on t.he rear end of the mil in shaft. 

Stability 

TUllilig a lOOO-i\le oscillator to pro­
duce an !ludio beat lIote requires high 
pr(.'cision, and maintaining the beat 
nole requires unusual sta.bility. The 
sliding eontncts of the new oscillator 
perform well under these critical condi­
tions. Compared to Luning systems 
which depend 011 close mechanicalapac­
ings, the new oscillator is remarkably 
free from noise modulation caused by 
microphonics and vibrations. A variable 
resistor in the grid circuit of the ascil-
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Fi" .. ,. 4. '"1.,10' "I ..... of Itt .... lUala, ..... i l .... ilt. 
I hl.ld .av.' ,.mov.d. 

lator tuhe is u!)('(l for (inc frequency 
adjustment. The heater \'oltnge is rec­
tifiecl find filtered W rt'(]uce modulal ion 
by power fr('qucll cy component.!,:. 

R-F Filte ring 

The power supply lcnd.s are filtered 
by small induelors imbedded in Car­
bonyl powder. 

SPECIFICATIONS 

F, . qu . ... y lIa .. g., 900-2000 .\ 1(' 
CI, .... II, Grid "'~pl)r:Ltion triod!' ()1!(:iIlnlOr. Line 
8OO1ions "ith shding oontDct short8 nrt) ulted to 
tune 1)luw fllld cathode. 
F,.qu."c.,. Co"I.o l, A 0" dinl with diroo~rendjng 
rrequency Clllibmtion over 200°. SIO"'-motiOIl 
drive, 8 turnl. 
F .. q ..... c.,. ColI .... otlo ....... ",'0 • .,. ' ... 1% . 
F'. qu."".,. D,lfl, Under 0.1 "," per dJl.~·. 
Ou'p",1 Vol, .. "., Continuously Mlju.etAblc (rom 
0.5 ,.v to 1.0 VOll open circuit. 
Oulpul " .. p . do .... : 50 ohms .. 10%. 
Oulpul VolI .. ". "'uu,,, • .,.: On·r-all accul"f.{'y of 
output voll.ltgc i~ better than ... 2011{;. 

Modulali .... ' Squur('-wnv., motlulRliolL from 100-
IO,OUO cY,.]{'S "jth e'(t"ruul modulntor. 30 voila 
penk to pellk iI! r"(tui ..... d. W,OOO-ohm input 
Impedance. 
L. akog., Stray fi('lds lind rt's idwli outlmt volt­
age ('lInnot b(.' <lcteN(.-(1 witll Ii rcttivcr having 
2 j.lV sensitivity. 
To.ml .. "I.: Ty p~: 871 Coaxial T('rminall! lire 
provided. '0 ..... ' Supply : II;. or 230 "ohs, 50 to 60 cycles. 
pcil\('r input a"proximllld~' 50 wali.!!. 
Tubu, One TfPF. 50.!) II-h·r medium-ffiu triooe 
(~Ilcil lul>el il~ 1021 -1'4 : one eneh 6X5GT, 
6KOGT, Ampl'nte t}--..i; two OC3. 
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GENEItAL RADIO EXPEItIMENTEIt • 
Acuno.I •• Supp ll .... , one Tn'\: 81 .. -R22 3-fool 
I'lHch Cord (50 Ohm8); Olll' TnI'! 87of-C58 
Cooxial Cable Conn~tot: one TnI'! 87 .... PB58 
Pnnf'1 ('OIllJ(l('lor; one TYPE (' ,\1'.:\5 PO"l't 
Cord. and one telel}hone plug. 
Oth • • Acc ... o.i .. Availabl" Xot ~.I jlplil'fl. but 
Ilvnilublt· on Ollh:r lin:' T \'I'E Si I-GF 2()·dh 
AUt'nUlIl"r I'ml: Tn·t: 87 1-GC IO-dh Altl'Ill!-
111M Pud: '1'1'1'.; $71-/\ Couplill,ll; ('!lplU'il()r; 

nnd 'l'nf: IUlXl-1'7 IjAlall~ ;\Ioduw.tor. 
Mounling ' The aluminum ('"hillet hM Il bl,.('k 
\\rinkle lini!!h. The lefl-hsnd SId., hou8CII tbe 
TnE 1(2) .. PI I'o",cr SUI>P1y. the rifl.bt.-b&lld 
~id(> houses tll(> TYN; Hr21-p·j U-II-F- l:.lit. 
PlIllcllj :ue black cmeklo..~linie l1('d aluminum. 
Di ... . .. . ;on.: (Height) 14 X (width) 20.!1 X 
(depth ) 10'16 inrhcs, o,,(' r_nll. 
Net Weigl\!, :l7 1 2 )lOund~. 

('0111' Word 

Sto .. do .d.Signol G . .... olo', 900_2000 Me •.. t .. .l.m.p. 

EX.I.I.T 
U4S.00 
650.00 Oteillato, Unit only · .••.•..••.•• , .•• , .• , .• 

• TIll' ol'('jlhuor unit. 1'\,l't. 11121-1'1. it' avnihbll!- IICI~r:H .. ly for IhOi/l' ,,·ho II".' II ~ingle pow!'r 
~uPJlI_\ nnrl ,·"hin!'-l "itl! inl('rrh<lnl-'t'lIhle ()8('illtttol'l!. 

l'. H. Pull'n t Xus. 2.12.>.R1G lind 2,;)1)0;. !i.7. 

40 - TO 50-Me ADDITION TO RANGE OF 
TYPE 1021-AV STANDARD-SIGNAL GENERATOR 

For somc time, orders for Tn' ~: 1021-
A\' l::ltnndnrd-Signal Gencrntors and for 
T\J'~~ 1021- P3 Osc:illator l'uit.<; have 
been filled with instnllnents lIml ('over 
40 to 50 megacycles in addition to Ill(' 
previous range of 50 to 250 megacycles. 
The range switch nnd the second cali­
bra1.ion of the mai n dial of the new 
T \"I' ~: I021- 1'3B Oscillator L-nit mn he 

Flgu,. I . Pan.1 vi ..... of Ih_ Typ ' 1021.1'38 0._ 
ci liata, Unit . 

.-;cen in Figure I. :\1051 of the commonly 
lIS(:d i-f frcqucncie:; in television re­
{'Cin~rs lie in the 11('\\' rllnge. 

To obtain the added range, two 35 
Pilf capacitors arc con llCCled across the 
high-voltage points of the buttcrH,v­
type tuning circuit. The capacitors are 
mounted 011 two cUrI'cd arms wh ich cnn 
be seen in Figure 2. The arms are 
movcd up and down by 11 cable actuat.ed 
by the new pane l switch. With th is 
added capacitnllcc, the minimum fre­
quency of the buttcrfly cirelli!. is 
changed from 50 to 40 Mc, und good 
output can be obtaincd over a small 
part of the Luniug rungc. At higber 
set.tings. losses in the added capacitance 
increase rapidly. 

Flg", _ 2 . tnterlor vi ..... , .howlng tho loca tion of 
th . t .... o padding capacitor., whleh o.e ..... itch . d 
Into cI,.,,1t fa, th _ 40· 10 SO.m_g ocycl . ,ang .. 

...... ,10'" 
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While the 40- to 50·;\ Jc range is 

rcadil~' illstnllcd in Ii new instrument, 
add ition of the ",witch in oldcr oscil!n­
tors is lIot practicaL Tll i::! mngc cltn be 
obtained , of Cottl'::!{" by shullting a 70-
~.uf lo\\'·loss cnpaciLor across the gap of 
the butterfly circuit. To preserve the 
oriJ!innl l'alibratioH. tllC' rnOlltlLing 

Type 

MARCH , 19$$ 

sc rews of the butterfly cit'('uit should 
not be disturbed , aud cla mp>! "hould be 
1I ~{'d to add tIl£' ('hullting ('aplwito]'.:;, 

SPECIFICATIONS 
S:tlW' :I~ fflr '1',\' )><' 1021-.\ \' N.:t'CI)t: 
Conle , F •• qu . .. . .,. Rang.: l o-2,~O :'lIe il. ["" 
bUlld~. 

rode 1I'0rd Price 

102 1_AV I S.andard si;""r Ge "e.a'o" 40 10 250 M • .... 
1021 · '38 0.01110'0' Unit only . . .... .. ..• •... . ••..••. 

EVEX'l' 

M ' OK E: 
$595.00 
S400.00 

U. S. PnH!Ilt ~08. 2. 125.811;' 2,:Wi , li~1 :lnd 2,5·18.·157. 

THE TYPE 1803-B VACUUM-TUB E VOLTMETER 

General Radio's muJcrulcly priced 
vacuu m-t.ube vol llnc~el', the THE IS03-
N , has pl'oved to be a remarkubly reli­
able ami tl'DlIble-free ill SLl'lllncnt. Our 
scl' vic'c department l'cc'onls d o Hot show 
t1 si ngle iustance of fuilurc of one of 
these volt.meters during thc one-year 
gUl\l"1lntcc period. A ncw model HOW 

available, thc TYI'~; lSO:J- B. combines 
the bllSic feawI'cs of I he olde r instru­
mcnt \\·j th sc\'{'1"ul new opemling eon­
"cnieHces. wll il' h will still furt her wi dcrt 
its uscfulncs, .. in the labor:1.tory, 

Years of experience with the Tn'l-: 
ISOO-A Voltmctcr~ have pron~d lIlt' 
dcsirabilit,v of having both u-e artd u-e 
voltage 1"aHges 011 a voltmeter, and 110 
d-c mugos are an important new feMme 
on the T 1'I'J'; 1803-13. ; \ lJotill'I' new fCH­

tme is the iudusion of a 10:1 multiplier 
fol' audio and ultrasonie frequeuey a-c 
voltages, whirh is permancntly ut.tadwd 
io the \'oltlllNer cabin{'L The multi-

FilJ u •• I . Vi.w af th . Typ. 1803-8 Vacu u m-tub. 
V011m&I • • , 

plicr also pro\'id('8 ('ol1vcllient binti illg 
pruts that ('1m be used fOJ" fl.-e \'ollage 
measuremen l8 when the pJ"Obc i8 811it.­
ably (;01Jl1e<;led to the mu ltiplier, i n ad­
dilioll, storage spare has heon pro\'ided 
insidc the ('abiuct for I.he probe {'uble. 

A-C Voltage Meosurement 

Thc ranges provid ed IUC 1.5 ;}. 1.3, 
,30 . :lud ]'-)0 \'olts for full-scale defl(,,·­
lioll of tlw indicl1.li ng Tnt'Ier, 

I';xpcrif'n('c has tll.~n :<ho\\"1l that then' 
i,~ a dem:\nd for:~ multipli/'!" to make it 
pos"iblc to measu re \'olta'!c·.'i ill excess 
of 150 \'ol t.s, pflHieularly o\'er Ihe 
:Iudio-rrcqucilcy nHlAe. Thi ~ demand i" 
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GENERAL .... 010 EXPERIMENTI .. • 
met, 1I0t hy pro\'iding n multiplier a.s n 
~PIU"ltc accessory. whi"h may bl' mis­
placed Or unavailable whclI needed, hut 
by I>crmnncntly alhu-hillg a 10:1 multi­
plier to till' side uf the \'oitm('lcreabiIlCt.. 
This multiplirr i_~ It rcsil!l.i,·c voltage 
dividl'r that has heel! Cf)mpcnMU('d t.o 
h:1\'e a re:;ponf<~ lI!n wilhin ~2% tip t.o 
40 kilocycles. 

The multiplier also I<I'rVCII as a il tomgc 
device for the pl'Ollt" which {"lUI be 
Jllug~('d into citht'r of two pOtiitiolls. 
When the prolw i" plugged into the 
fOI'\\'lIrd jucks 011 the bot tom of the 
multiplier, the voltmeter read>! olle 
tClith of any voltuge l\pplicd to tIm XIO 
hiudillg posl.l:! on the top of the multi­
plier. When the prol>c is plugged into 
thtl rear jacks, Lhe volt meter reuds 
directly the volta~e applied to the 
DIRECT binding poats on the top of 
t he lIlultiplier. 

The frequent.,· l'e~pOll8C is "hown in 
Figu re 2. The rCHOliant frequency of 
the probe input c·ircuit. is IIhout. 110 
megfll'.\,c-Ic~. 

D-C Voltoge Meosure ment 

Six d-c \'oltub'C mng!'!) have heen pro-­
vidt' d, 1.5, 5, 15,50, 150, Hnd 500 volt.a 
fnlllStulc . 

I t is felt that. u 500-volt. nlllgc .-;hould 
make it pos.~iblc to Im'Il8Ure the OUt.IJUt. 
\'olt,age of the majorit.y of the ordinary, 
labomtory, d-(' power ~uJlpli('s. In 1Il000t 

model'll power supp1ips, high-mp!lCi­
tiUl{'C clflctrolytic eo.pal'iLOr.':l am w;cd in 
the OlltpUt. filter circuit. The maximum 

I 
, I 

d-c working \'oltage of t.hese capacitors 
is less tha.n 500 vol1>'1. Therefore. if the 
power-supply outpuL voltagr- j" greater 
t.han 500 volts, till' C't1pacitOl'li must 1.Ie 
connected ill s('rics. The \'oltage :l('rOSS 

each capa.citor ('nr~ be mcftf<ur('{i ttnd 
the readings :Idd('f'i to ohtain IlIl' tolnl 
output voltage. 

The input I'c:!iiiluu('c LO the d-c vol l­
meter is 111 megohms for all rllugcs. 
However, by the I'l'mo\'ai of a soldered 
connection inside the instrument, con­
nection is mnde directly to the grid for 
the 1.5, 5, 15, 50-volt. ranges. The ef­
fective input l"Csistance then depends 
upon the applied vollilge and iii bet,wf...ocll 
1000 and 30,000 ITIl'gohrns 0(' higher. 
The input resislnl]('C fol' 150 nIJd 500-
volt. ranges rcmnius III megohms. 

A polarity swit.ch is provided so that 
voltage of either + or - polarity may 
be applied to the high il1pu t terminal. 

Meter Scoles 

The meter face, shOwn in Figure 3, 
has four scales. Thc two outer ."t'nics 
are linear and arc used for mell8ureml'nl. 
of all d-e voltages and all a-c volt:\gcs 
above 5 volts. The two inllcr scnles arc 
1I01l-linear and arc used only for mea.'!­
urement. of a-c \!ollap:es of Ie!!.'! thaI] ;') 
volts. 

Generol Construction 

The ba.sic construction features of the 
THE 1803-A IJlwe been retained in the 
TYrE 1803-B VaCLIum-Tube Voltmeter. 
Tbe instrlllJlcn~ ill of light, ~Ict rugged 

i ~ ~ FIg .... 2 . Hl gh _fr •• 
q .. e ncy corru tlon 1o. 
.h. Ty p. 1103- 8 Voc • 
.... m _Tub. Vo ltme, ••• 

0 

U ~.,. 
H , , .. 

I 
~ 

~. 

• • , • ~ » » w .~ ~ ~ -
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cOnstruction. The cabi llct is made of 
heavy gauge aluminum with nil joints 
welded. Rubber feet are provided to 
support the instrument with the panel 
either vertical or horizontal , and a !lim­
pIe carrying handle ill [oc!\lcd on the top. 

The tl,-C volt.age-mult.iplier housing is 
aUachcd to the Icft.-hrUid side of the 
cabinet where it provides a cOIH'cnient 
means of storage for 1 he probe. The 
binding posts Oil the top of the multi­
I)licr housing provide for direct npl>ii· 

,.... cation of applied 8.-C voaage to the 
probe and for a 10:1 reductiotl in the 
voltage i)tlfore it is upplif'd to the probe 
terminals. 

The inpu !. terminals for d.-c \'ollage 
measurement arc i04..'awd at the top 
left-hand corner of the pallel. 

The power cord is ])crmanclltiy at­
tached to the voltmctCI· chassis and is 
led out through a notch in t he cabinet 
edge. When the probe is attached to the 
Illultiplier, the probe cord can be stored 
inside thc cabi nct. The cord is led out 

MARCH , 1 9 $$ 

through a slot. in t.he bottom of the 
cabinet, and, for storage purpose8, t.he 
coni is pushed t.hrough the slot illto the 
cabinet where it folds into the space 
pro\'idcd for it. Thc proue caule is com· 
plctely shielded. 

Circuil 

The circuit. of the TYPE J803·A has 
proved to btl so free of defects thl1.t. it. hn.s 
been adopted without. cbange for the 
a·c \'olLage men.suring circuit for the 
TYPE 1803-B. 

An elementary schematic diagram of 
the circuit is shown in Figure 5. 

For d·c measurements t.he voltage is 
appliocl to thc d-c input termiuals \vhich 
a.rc connected to 8. I I I-megohm divider, 
consisting of two highly stable, de-­
posited--carbon-film resistors. ror the 
1.5--\'01t. to 50-volt ranges, tbe voltage is 
thell applied through a ripple filter to 
the grid of the act.ive amplifier triode. 
T he grid of the innctive amplifier triode 
is COllllCCLed to ground through a re6ig.. 
tor. For the 150-volt and 5O().volt d--c 
ranges, the voltage applied to the llCuve 
grid is reduced 10:1 by the divider. 

The balanced amplifier circuit in· 
sures good zero nlld calibratiou s tability 
with changes in Hne voltage. A c lH~n ge 

in line voltage or 10 volts causes u. zero 
shirt or only .01 volt or Jess on the 
1.5--volt ranges. 

- C. A. WOODWAIID, JR . 

SPECIFICATIONS 

Volto". ROil , .. , 0. 1 \.(I 150 Vollll, II-C. in five 
rallgl's (1.5, 5, 15,50, aDd 150 volls, full llC!l.lcl. 
A mllil iplil'r ill attal'hed for inf'l'f'wng the mnp;e 

to 1500 volts III Iluuio /lnu ultrasonic frequcn­
ci~. 0.02 10 500 v(,ha, £1-(', in six rall~C11 (1.5, 5, 
15, 00, 150, /l ll li ,j()(j volts, full !teale). 

, . . ' 

~ f-------' 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



GENERAL RADIO EXP'ERIME NTER • 
A«u.oc, : \C, ""31'; of lull lICalf-. !uhjI'Ct to 
fI'1'(IUI'Ill'), t'Orttocuon abov(! 50 meJtnc~) 1'1(';1. Cor­
I"('('tion ('llrvl' ,uPI'I:ed ill in5trudion book ( ..... 
Fijl:;\Jrt' 21. U .. of thl' multiplie r iml108l'll un 
inlditiont\.1 crror of '*' I 0-;.. 

DC, '*'3";, of fullscn1e for Ihe Iii. 5. Hi, b4:). 
volt rUIl(l;f"E; : ,* 4% of full 8Cllle fllr the 150 Ilild 
5IJO...volt rQn~('6. 
Wo".'o .... ( ..... , The instrument i~ <:alibrllt.('d 
to N'1lf1 thl' r-m-~ vlllllt, of 1\ 5inc .... [Ive 011 Ill! 
a~ r:Ulg.·~. On the highrr tanP I 

the illfllrumenL 
ill fWlIk N'IIJJOII(.Iill(l; . Illld tbe rt'ft( illg oorl'f'tfJOlids 
\.() (lith,'r Ihl' f'-m-! value of a sine ""nve or 0.707 
of th" f>I':tk value of II eompll'x wavl'. 011 dia.. 
I\ltlHl ",'avdorn"'lllJe IIC-rcentag<.> deviation of 
the I1'lUhng from t Ie r-rn-fl valuc may be M I,,"Kc 
108 the pt'n'(:nt.age of harmoniC/! pl'e!k'nl. On tbe 
lowe. I'1I.ngef!, the response dellS"t from poa.Ic; 
• od '/Jlll'Oat'het NIHI respOIIIIC. \\'ht·n the 
multip i('r it used. the vohmel.er is not penk 
retlIJoVndint;. Til .. rnullipijer ie lIdju~tf't 1 i(I t hai 
the: voltnlf't(' r retW! one-lenth of thl' ... 111-& 
v!\lul' of 1\ s;nO-.. ·.'Iv{' voltag(] IlPI)l i,'<i w th(' 
mullivlier. 
F •• qw. n<r (rro" Thll plQt of Fi~ure 2 giv{'t the 
fl'l!<ju('llt.\' ('(,TrrctiurL for !II'vern] oilTereul volt,.. 
Hlle It·,,·l~. ,\ t 10 .. · voltn~, the t.mnsiuime 
ami 11'1100 Ut!l!.'t' ('ITI'CI& tend to ~ancel . whilt' 
at hiRhl'r \'olta(l;~. t he error i.e almollt t'util'tll), 
0111' I" ... · II( ... /ln('(". The re80:mll1lt frequl'uey 18 

TW 

:about 410 Me. 
At 10"' fl'C(luenCIC8. thl' 11'1I1)Q{IBol dn:.l)d vff 

hecllu/Ifl of the im.'r1'3I!inft r1'IICtlllK't' of lim 
I!(' ril,'l0 cl'lJ3eil(\n\"l~ of IIii' Input (·ireui!. ,\1 10 
eY(' lt'!' per lIl't"mo. t he drup iA 2"~ or If"!>. 

T hl' re'<ponllC of t lw multiplier is IhlL "ilhiu 
"'2 "'~ up to 10 ke. 
Input Impad.lI.a ~ The t'f lu ivnl('1I1 lH' iupu! rir­
euil is a re.siBlnllcc iii paraJld wi! h a clIJmtitallcl'. 
At low rrequ\'n~i" e, th., l'\juiv"I"'I! plimlJel 
",~i~tllllt;e is 7.7 megohms. ,\I hij!;h ft('flueuriOll, 
1 his tt'~i8tal\ce is .\'<:IU('t'(1 hy 10Sl!<'1I ilt lim ~hUM 
cll lm('iC:oncc. Tlw e<jui\'IlII'nl [lllruJlel ClIlJl<ci­
! rUlN! lit nadio r"''<lueudCil is III ~~f. At auoio 
fnoqu{'u('ica, thl' CH l)ll(:iIUllt't' iIlCN'Il!l('I! to L1 .5 
~f. Till' mutliplil'r IIlput imIICdllll(:e U!II re~ 
1l1I('!': of apprtlxunate ly 9 megohlll! in pnl'3!teJ 
"ill! II~ . 

The d-c input ~U!18n!'e ie III IIlcguhm8.. 
By removlll of lUI iutemal connect ion, OPCII+ 
grid inpUL {'!UI be obw,inoo ror the 1.5. 5, 15, and 
5O-volt range&. 
I'ow .. Suppty: 105 to 125 (or 210 10 250) voltl!, 
50 to GO ClclCll. The 1)(Iller input i8 about t I 
wntU. 
Tub ... 1 ~(jAl .5 I-I.iSU7·CTY t -0.'(4. All are 
! uJI[1lied. 
01 ... . 111;011. of C"bin" : (Width) 8M X (depth) 
(j J.-2 X (height) II '{ indlM o\"Cf'-IlIl. 
N. t W. IOIo' : !J1 !l pounds. 

I' rlf.''( 

1I !l~ V".uum _Twlt. Volt .. a ... ....... ........... . AKOOlI Sllo.00 

HARMONIC MEASUREMENTS ON 
VHF -TV TRANSMITTERS 

Tltt, Ft·df' rn l ( 'ommnni(,:llions ('om­
ml.:>:'1011 h:t.'i Itrlmtly ill~erl('d 111 iLt; 
rules n IIlllximum I)(>l'missiblc harmonic 
('ontell! nf the vi:sual und nU1'lL1 trans­
millt'r outputs of television tr:nu<mil­
II'..,. FII1' \' 11 F ;;tn.lioJ)!;, nil itnrmOlliN; 

up to the tI'llth , but bclol\ 1000:'lle. ill 
tbe ~ignl1l at th(' trnnsmittl'l' nutput 
tcrmiHal .. , lllltil t ht' a t lea~lliO db 1,1,14111' 
the [('\'01 of lhc fundamental. A ... n 1"'4 

suit. man}' tel(]\'isiOIl iJrondt·l1.."'I('h' \\ill 
lw f:w('d wilh till' prohl(' m of 1Il('UStlr;,,!! 

FlO"" I. Bro~~ dl"g,,, ... of '10 . "y"'''' 10 ..... oow,l lI , 1'0110 ... 111 •• Ioo, ... on l .. . '10 . ' ..,0 •• ra <:l;on fill." 

, 
I 
I 

I I 
I I 

I I 

0 •• t,,, ta,,d by 110 . to_db p"d. whic h ,,110 ",ok .. ,10 _ Imp. don •• ' . ... . 1 50 .11 ... . 

HP£ 874'F~ 
<I(J£CTION 

nt-TEll 

hpt 87C· 0{; 
... <~~ 
~R.>r..¥~ 

" .. 

"P! ,/'II.,,, 
II[JI!CTION 

FILTER 
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• 
Lhe harmonic content. of their trans-­

r millefl'. 
In gencml, t his problem Clln be !Solwd 

by terminating the output tra.nsmission 
line in 0. dummy load and coupling a 
small amount of the r-f power from the 
line to !~ selective calibrntcd detector 
lIy InClmil of a cou pling loop or probe. 
The receiver is tuned fi~1 1.0 tbe funcls­
mental and then 10 the Vilrious har­
monic frcqucllcics. alld the relntivll 
nmJ>Litudcs of the ('0Illp0I10IltS dNcr­
mined. 

If a directionul l'OIl p lcr is uSL>(i to 
couple In the I rlIllsmission line, it is 
not nC~'C:,S8.ry to replace the antenna 
wilh a dummy lond. 

Ow, relatively s imple method of 
making the mcn.suremcnt is to usc a 
Cencrn.J Radio Tn'~:: DNT-2 Detector' 
in combination with two TYI'~:: 874-FR 
Rejection Filt.cnl for the fundamental 

,... frequency, three 874-00 IO-tlb Pads, 
nnd a small single-turn coupling loop 
fitted with a cOfl xial eonnector (or 
sampling t.he field in the mnin transmis­
sion line. A block diagram of t his nr­
rallgement is shaWl! ill Figure l. The 
calibrated a.t.ten unt.or and meter in the 
i-e amplifier are uti<.'{l to determine tcln.­
tive Sigilli! levels. An initial mCl\Su rc­
ment. is lll9.de of the fundamen tal lev('1 
wilh the rejection filters out. of the cir­
cuit. The fitters arc thell inserted n.nd 
tuned to prod uce a minimulll deteetor 
indication. The detector is Ilext tuncd 
t.o the nl.riolls harmonic frequencies in 
turn and the rulntive signal levels are 
measured with the ealibrnt.ed detect.or. 
At. frequencies betwccn 54 and 530 Mc, 
the detector call bc used wit.h the mixer 

'Igu .. , . In .. ,llon lo u of 0 Ty,.. 174· FR Re i_c· 
Uon Fil" •• 

M ')' RCH . 19 55 

0l>cmullg 011 the fUlldu.mental of the 
local-osciUat.or frequency. At frequen­
cies above 5:m Me, t.he tiCCond hlll'monic 
of the locnl oscitlator can be lI$ed and 
the d iffefCn('e in conversion ellicienc)' 
must be dch'nninOO. This is eMily donll 
by mel\Suring ! he 8:\rnc harmonic by 
both fundamental and 1!C(l0nd lumnollic 
opcratioll ill the overlapping frequency 
region. 

Since the rcjection filters :ll'C cl('signed 
to have 1\ flat. responsc charactcl'ist ic in 
a 50-ohm .system up 1.0 the tenth har­
monic of the rejection frequency, or 
1000 1\10 , and, since the sellsitivity of 
the detl..>etor' is rea.solH~bly constfl.ut. wit.h 
frequency when the source impedance 
is 50 ohmsl, the relative levels of the 
harmonics with rCSI>CCt. to tilt) funda­
meutal are equal to the diITel'cn cC8 ill 
the signal levels measlU·t .. ,<! by till' detec­
tor, corrected for the frequency n'­

sponsc of the coupling device. Then'­
forc , if the coupling-loop frequency 
response is known, t.he me/lsurement. 
ca.n be made without. re(luiring n sigllal 
generator for calibrntion of t he fre­
quency response of the entire systcm . 

If a small coupling loop is used, t.he 
voltage induced in it wit.h !l. cOIl!ltaut. 
current. flowing ill the main t.ransmis­
sion line will be directly proportional to 
the frequency. if t.he effect.ive sourCe 
iml>cdan ce of the loop is small com­
pared to 50 ohms at t he highest. fre­
quency mcasu red, or is constant with 
frequency, tho voltago developed across 

· · • 11 I , , -

• 
'v1, 

rF ,.".- -

'''00''''-", 
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~ GENEIIAl RADIO E X PERI MENTER " 
the 5O-ohm input. to t.he detect.or wiU 
also be directly proport.ional to fre­
quency. Therefore, the true level of t.he 
second harmonic will be 6 db lower than 
indicated by the detector; the third 
harmonjc will be 9 db lower; the fourtb, 
12 db; the fifth, 14 db; etc. 

A iool)-typc of directional cou pler can 
also be lISed M 11 coupling device if its 
coupling element i.;J short compared to a 
wavelength at the highest harmonic 
frequency. 1\Iost couplers also have a 
response which increases linearly with 
frequency. 

The T1'I'E 874-FR Rejection l~ilters 

arc t.unnhle series-resonant circuits each 
of which n.ttcnuntcs the fundamental 
about 35 db when properly adjusted, 
and wh ich have a relatively flat. pass­
balld I'csponsc up to the tenth hnrm onic 
of the fundamental. A typicru response 
curve is shown in Figure 2. 

Jr lhe mngc of levels to be melUiured 
is beyond the linear range of tbe detec­
tor (80 db), additional pads can be in­
sert<.>d when the fundamclltnl level is 
measured. The lO-db pad sbowu be­
tween the filter and the mixer in the 
detector is used to keep at II. minimum 
Lhe variations with frequency of lhe 
local-oscillntor voltage applied to the 
mixer crystal. 

The 'J.'y1'E ONT-2 Detector consists 
of nil untuned mixer, a local osciUaLor 

SEE THE 

At. the 1955 Radio Engineering Show, 
General Radio presents a display of 
modern, up-to-date ilJstruments for 
your laboratory and plant - today's 
inst.ruments, t.hat wi1l make basic, ne­
Ces8Ilry measurcment.s better, and faster 
than yesterday's. And these arc truly 
general-purpose instruments, designed, 

and a 30-i\Ic i-{ amplificr with a cali­
brated output meLer and a. calibrated ......... 
attenual.or. Since ol1.1y the fundamental 
is rejected in the above proct.'<Iu.re, all 
harmonics are impressed acrO$S tbe 
mixer, and since the mixer will produce 
Ii 30-l'. fc output. whenever the frequency 
difference between a harmonic of the 
signalllnd II. harmonic of the local oseil­
laLor is 30 :\1c. numeroll.8 responses can 
be obtained in the frequency range cov­
ered by the loca l oscillator. The desired 
responscs can be easi ly identified by 
tuning Lhe local oscillator to a {relluency 
301\10. above or below the frequency oC 
the dc;;:ir(.'(1 harmonic. A low-pM'! filter 
inserted bctween the second rejection 
filte r and the second pad (sec FigufC I) 
is recommended La eliminate spurious 
response.,! and to .\Iimplify the identifi­
cation of harmonics. 

The method out.lined makes pos.s.ible 
simple mell.Surcments, with an accuracy 
of about. 3 db, of the harmonic content ,..... 
of VHF-TV transmitters with compact. 
equipment, most of which is suited to a 
variety of other common measur~ 

ments. A('tual field measurements in­
dicate lhat the method is practical and 
COllvenient. 

A dcl:liled description of the equip­
mcnt, with prices, is available on fC­
quest. 

- R. A. SODEUMAN 

LATEST " 

not for a single job, but for many­
adaptable, f.lexible, and fitted to a 
variety of applications. These in.\ltru­
ments have C-R's built-in qualit.y: the 
accuracy and s tllbility Bnd dura.bility 
that results Crom good basic design-

• And. for old tim~ ..... n ..... ;v ....... ry Ihmn" 01 aome. of 
lile -ni.,.I. 
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The ...... Type 17$0-A $ . u p 1>.1\ ...... ot ''I'P. 
1262 • .11. AmpH' ud •• R"gllta'in g 1' . ..... S .. pply. 

d, lv' " " a Type 1209- A U .. II O •• Ulat" • • 

carefully selected components, and 
rugged constntction based on 40 years 
of maoufaciuring experience. 

Be sure to drop in al the General 
Radio booth - 251 to 255 Jnstrumcnts 
Avenue - to talk over your measure-­
ment problems with our engineers and 
to see tbe new products listed below. 

SWEEP DRIVES 

Automatic prescntation of data is 
the modern time saver in the multi­
tudinous series of measurements eu­
countered in circuit development and 
componclIt design. Tbe Gencrai Hadio 
solution is not a battery of indh.jdual 
sweep generat.ors, but simple, precise 
molor drives that can be used lVith the 
o~~iIl11tor!; alrea.dy in your laboratory, 
dnvcs that can be quickly and COIl­

veniently adjwited 1.0 SII'CCp widc mnges 
or narrow ones. 

The synchronous dial dri ves described 
previou!'ly' do this job for audio fre­
quencies, making possible the display of 
amplitude-frequency plots ou a recorder 

,...or oscilloscope, by driving the beat.­
frequency oscillator dial. The new TYl'E 

'LiItJejohD, 11. c., "Mo""," on.· .. for Pnoeia'OD DIaJo 
and 8-.t--F .... ,,'"""Y o..:rn.w..", Gnnal R4lIio Ez . 
... ~tn, Vol. XXIX. No. 6. No_~ 19s.., PI'"" 
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1750-A Sweep Drive and the TYPE 
1263-A Amplitude-Regulating Power 
Supply brin~ this same convenience and 
adaptability to t.he v-h-f and u-h-f 
ranges. 

SLOTTED-LINE DRIVE 

The new TYl'E 874-LBA Slot.ted Line 
will be shown with a motor-drive at­
tachment that sweeps the probe over 
auy desired portion of its total travel, 
so that. standing-wave rat.io call be de­
termine<1 directly from all oscilloscope 
screen. 

BRIDGES 

The determination of impedance ifJ a 
basic measurement in the laboratory 
and ill the plant, and General Radio 
brings yOll two additions to ita already 
extensive Line of imr1t..'<.II1.IH.'C bridges. 

Z-Y Bridge 

The new TYI'E 1603-A Z-Y Bridge 
measures, either as all impe<lance or as 
an admittance, literaUy any impedance . . ' 
lrrespcctlve of phase angle, between 
zcro Ilnd infinity. Connect a "black 
box" to the terminalR of the bridgc and 
balance the bridge to a null· the dial 
'. . 

scttmg5 WIll then tell you either iLS 

impedance or its Ildmittaucc. The uses 
of the bridge nre legion. Lines, trans­
formers, resistors, capacitors, inductors, 
reSOlJllnt circuits, filters, trnnliducers ­
all of these can be measured, pJus the 
conductivity of solutions. Negative par­
ameter:;; CIUI be measured as well as 
positive; motional impedance diagrams 
of lrnru~du('crs can be delermined. 

R-F Bridge 

For radio frequencies, we havc the 
new TYI'E 1606-A Radio-Frequcncv 
Bridge, a more compact, modern su~ 
cessor to the widely used TYPE 9t6-A. 
Frequency range, 400 kc to 60 1\1 c. 
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~ GENERA L RA DIO EX PER I M EN T ER " 
Limit Testing 

For the measurement, selection and 
mlltching of components to close toler­
Ilnccti, n precise bridge is needed. The 
Tl'l'~~ I U04-D Comparison Bridge is de­
signed for just this purpose and has au 
Recut/H'Y of 0.1 %. Try it and see for 
yourncl£. 

POTENTIOMETERS 

You rcad about the now 970 series of 
potentiometers in the .ranulIofY issue of 
the Exprrimenler. See t.hem bere and 
iO.llpect them. You'll like their simple, 
wctl-thoup:hlrou t design, modern ill ev­
ery del nil. Thoy're used in new General 
Radio inr<trulllcnts. They have to be 
good. 

STANDARD-SIGNAL GENERATORS 

The new 'J'Yr'E I021 -AW SLandard­
Signal Genorator, described in this is­
sue, will he all d isplay, 8.S will the now 
TYI'E 1021 -P3B Oscillator Unit fo r tho 
TYPE I02 1-AV Stllndnrd-SignaJ Gener~ 
ator. You can see its cOllstrucliou and 
botter appreciate its many featurcs. 

U·H·F DETECTOR 

The Tl'I'~; 121().A Unit J·F Amplifier 
is nn imlispcllsable item for the labo-. 
rat.ory where v·h-£ and u-h·f Ulcasure­
ments nrc mnde. A Ilull detector and a 
voltmeter for relative signal levels, it 
cao be used t.o measure attenuation, 
crosst:.l.lk, and signal strength. 

PULSES 

See the TYPE 1217-A Unit Pulser, 
compact and inexpeosive, but with per­
formauce far beyond what you would 
expect from ita size and prit:e - an 
excellent. exam ple of the high quality at. 
ll':vdcrate prices that. Genernl Rad io 
builds into its Unit lustrument line. 

FOR CONSTANT LINE VOLTAGE 

The Automatic-Volt.age Rcgulator, 
TYPE 1570-A is an excellcnt remedy for 
fluctuating line voltage ill the labora­
tory. You 'll always see it ill G R dis­
plays, because it's just as useful in 
keeping a display rumling properly un­
der the constantly changing load condi­
tions encouutered in shows. With its (j 

I<VA ca pacity, it really fills the bi ll . 

40 YEARS OF ELECTRONICS­
OLD TIMERS' DISPLAY 

l~ou nded ill 1915, the General Radio "'"" 
Company cclebratcs tbis year its 40th 
Anniversary. Throughout the past 40 
years General Radio has been l:iupplying 
the basic standards and measuring in­
s truments to the electronics ind ustry. 

We have arranged II. display of Gen­
eral R adio products built. in the first 
few years of the Company's cxistence, 
which will bring back fond memories 
to those who are old timers ill t.he 
industry. 

CORRECTION 

Tn the February issue of the Experi­
menter, page 8, the relay-rack pilnc! 
for either Tyf'1': 1203 ilnd TYI' E 12 11 

Unit lnstru mcnts or for Tn'E 1203 and 
Tnt; 1215 was illcorrt'ctly listed. T he 
correct t.ype Ilumhcr is 4So.. P5UCI. 

GE NERAL RADIO COMPANY 
275 MA SSA CHU S ETT S AVE NU E 

CAMBRIOGE 39 M"SS"C HU SETTS 

TE L E P HO N E , TR ow b rl d li . 6_4400 
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