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ELECTRICAL COMMUNICATIONS TECl-INIQUE 

ALLIED FIELDS AN D ITS APPLICATIONS IN 

A SIGNAL GENE:RATOR FOR THE: NE:W RECEIVER TESTS 

\);;':::::::=::::=:::��lH la t few year have 

Tl 
ome great advance 

Lhe electri al de ign 

een. 
Ill 
of 

•• ,� 1 radio receiver , particu-
;o� larly since

-
the uperheterodyne princi

ple has been so widely adopted by 
many ma ufacturer . Both the type 
and technique of recei r m asure
ments have undergone many hange 

in e Lhen, du partly to the general 
improvement in rec iver and partly 
to the addit"o al t t nee ar ith 

uperheLerodyne . 
In mea uring broad a, t receiver a 

new meLhod of m a l.U- m nt, th so-
alled Lw ignal gen rat r te t, i 

r � 1v1ng w1 e a ·eptan � . With Lhi 
n1ethod, L' tandard- jgnaJ gen r-
ator ar 1 nplo ed, on· of w hi h 
<leli rs Lo the re e· r, through a 
d mm antenna, what i termed th 
�de ir d signal." This signal i a car

ri r to whi h the re �eiv r i tuned and 
repr 'ent th pr gram that i being 
listened to, to the exclu i n of all 

ther . Then, in ord r o determine 
how uccessfully the rec iver elimi
nate the o her un. esired signal , a 
s on I ignal g nerator i et up and 

also ected to the receiv r. 
frequency is variable v r a wide range 
and it represents any channel w hich 
1night pos ibly interfere "" ith the 
desired ignal. 

The requirements for the generat t· 

of the desired sign.al are very imple. 
Only three or four test frequencies di -
tributed in the broadcast ban are 
n.ece sary. Th three test frequen ie 
recommended by the I. R. E. om

mittee on tandardizat"on. are 600, 
1000, and 1400 kilocycle . Its ampli
tude need be adjusted to only thr 

tandard inpul voltages. Tho e re om
men ed by h ommit ee are 50, 
5000, and 2 0,0 0 :mi ro olt , repr -
·en ting weak, medium, and ·e1·y tr ng 

signal.. Modulation at about 30o/c al 
400 · le i d s:irable f r preliminary 
adjustment of th t· ei er. 

The interfering signal g nerat r i 
n ar"ly 1n.01·e omplicated. In the 
fir t pla e, "t frequency bould be 

ariab]e bet en approximate! 0 
and 5000 kilocy 1 t frequ n 
calibration hould be good (in iden· 
·tally, the frequenc alibration of the 
desired signal g n rator doe n t n ed 
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to be particularl pre i e since it can 
be h ked against the other in tru
ment which :mu t be calibrated). The 
frequency modulation :must also be 
redu ed to a ]ow alue; and the la t 
and :mo t important requirement i 
that it output be variable between 0.5 
microvolt and 1. 0 olt. 

The method of making the test i 
imple. The de ired ignal is set at on 

of the te t frequen ie , for instan e, 
600 kilo y le , and adj u ted to gi e an 
output amplitude of 50 micro olts. It 
1 modulated so that the recei er ma 
be tuned to it; the re eiver's volume 

ontrol i adju ted t gi e the tandard 
SO-milliwat t  power outpu . Once tuned, 
the modulation i turned off so that 
only the arrier i applied on the 
de ir d channel. The interfering · gnal 
genera Lor is then turned on and its fre
qu ncy i varied aero a onsiderab] e 
fr qu n y range. In mo t case thi 

hould b about 100 kilo le on ea h 
ide of th de ired hann I. 

The average u er of broad a t r -
ei ver will find tha-t, if hi et is 

delivel"ing an output po" er of 50 mi11i
wa·tts, an interfering ignal having a 
power of 50 microwatt i objection
abl . On thi a umption, the ampli
tude of the interfering signal i adjusted 
a it i wept aero the unde ired 

hannel until an interferen e te out
put, that is, 50 microwat t  , i ob erved 
from the recei er under te t for points 

paced ever· 10 kilocycles in t:he inter
ference band. A urve can be plotted 
indicating the amplitude of the inter
fering ignal nece ary to gi th 50-
microwatt int r:f. r nee outpu . During 
all f ·the te t , the perc ntage of 
modulati n. of the interfering ignal i 
kept at 3 0 at a frequenc of 400 

y le . The t t may a] o be r peat d 
with th amplitude of the de ired igna] 
increa ed from 50 to 5000 and 200,000 
m icro olt . 

One of the prob ) m in the de ign. of 
uperheterody :ne re ei er is to li i-

FIG RE]. Panel i w of a TYPE 603-A tandard- ignal Generator. Them ter read Lhe 
filament and plate oltages, modulation oltagc, and arri r amplitud . ote th large 

frequen y-control dial 
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nate arious cro s modulations whi h 
o ur hetwe n the re eived ignal and 
the local oscillat r. parti ularl at th 
imag fr quenc of the local o cilla Lor. 
Other interfer n 1 due to dire t 
pi kup in the int rmediate fr quen 
amplifier. In order to d Lermine th 
magnitude of thi type of int rferen e 
a o-called ��whi tl inte ·fer n e te t' 
I u ed. The t t ar ·onducte<l ·the 

ame a tho e rib d abo e, e cept 
that th interfering ignal is unmodu-
lated. It frequency is vari d a a 
wide band emhra ing the fr qu of 
the intermediat ampli:fi r and tend
ing con iderahly aho the frequen y 
of th d sired signal to include all 
p ihl point of ro modulation. In 
order that the audio-frequ n s 
of the receiver shall not aff e the test, 
a whistle when it o ur i adju t d to 
a frequen y of approximately 400 

le . The amplitude of the in:terfer"ng 
ignal generator i varied unt"l th 

interference test output of 50 mi ro
watts i obtained. Occasionall , it may 
b de irabl , but it i not ne essary, Lo 

vary the interfering ignal by a very 
mall amount s ·that th whi tie fr -

quen overs e eral point in th 
audio-frequen y spectrum. 

The r quirem nt for th "nterfering 
ignal generator are u h that with a 

few additional ontrol it will al o 
mea ure ther "mportant r cei er char
a teri tic . Fo1· instan e, the over-all 

ide-hand re pon e of a re eiver can h 
d termined by adju ting the frequen y 
of the tern.al audio modulation on 
the signal generator and noting the 
output-frequency chara teri tic of th 
receiver. he ignal genera or i et at 
one of th test frequencies in the broa -

a t ha d and 30 0 modulation at 4 
cycles is applied. The gain of th 

rec i er i adju ted so that ·the 50-
milliwatt tandard output i obtained. 

he audio modulation i aried f-i·om 
about 40 to 5 00 y l and th utput 
power from the rec i er is noted at 

ariou fr qu n ie . 
In mak"ng a t  t of tb.i sort, the out

put load for the re ei er an h ith r 
a r tifier-type meter having a re i t

an e corresponding to the in1pedan 
"nto whi h th output tub ar de-

igned to ork, the output tran f rmer 
having been removed or it econdary 
opened; or it ma be a high-re i tan 
output meter onn ted a r the 
voice coil of the dynamic peak r. In 
the latter ase, owe er, changes in 
the vo"ce coil impedan e due to it 
frequency characteri ti and motional 
impedance will enter into the mea ure
ment. If ·the re ei er i equipp d w"th 
a tone control, the effe t of thi ontr l 
on the frequenc haracteri ti can 
also be oh erved. 

Oft n it is very de irable, parti u
larly when using pentode output tubes, 
to inve tigate the effect of ariou load 
impedan e on the performance of the 
Lubes. The General Radio T PE 583-A 

utput Power Meter ha an impedan 
which is ariahle between 2.5 and 
20,000 ohms. It can he u ed either in 
place of the voi e coil of he dynamic 

speaker or the primar · o t:h utput 
tran former. The difference in power 
delivered to varying loads for a given 
modulated radio-frequency input to the 
re eiver can be noted b he ari u 

etting of the impedan e w"t: h. 
With the general requ·r ment in 

mind of the tandard- ignal generator 
ne essar for th abo e te t t 

eneral Radio ompany has d v l ped 
the TYPE 603-A Standar - ignal Gen
erator. This instrument is intended to 
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F1G RE 2. Rear iew of t.h TYPE 603-A Standard-Sign.al Genera'tor with the cabin t 
removed. The l eft-hand compartment contains the attenuat r system and shield d 
lh rmocoupl m. ter. Th attenuator is divided into two ections, a h hous d in an 

aluminum a. tin..,. 

have the utmost fie ibilit . It is not 
restricted to the measurement of 
receivers in the broadcast band, but it 
frequency range has been. extended to 
include most of the frequen ies now in 
general use for radio transmission. As 
specifically applied to the r quirement 
of the interfering signal generator and 
for the generator to be u ed for measur
ing the audio-frequency response, th 
TYPE 603- Standard- ignal Gener
ator has the following hara teri ti 

he frequency range between 100 and 
4400 kilocycles is covered by fi e coils. 
Two of these cover the broadcast band 
and have a combined range from 420 
to 1900 kilocy le . The output voltag 
i continuously adjustable from 0.5 
microvolt to 1.0 volt. 

The abilit to set and reset the 
arrier frequen.c of a tandard-signal 

generator is of considerable importance. 
In order to facilitate this, a large and 

a urately engra ed tuning dial i 
used. It is 8 inches in diameter and 
engraved around 270° of it cu-cum
ference with 600 divisions. magni
fying gla i pr vided o that parts of 
a division may be read easily to im
prove the accura y of setting. ifth o( 
a division can be very ea ily estimated. 
In t:he high frequency portion of th 
broadcast band, the coil has a rang 
from 850 to 1900 kilo ycles. The tuning 
dial has 600 di ision . Thi means a 
frequenc change of about 1750 cy le 
per division for t:he oil span of 1050 
kilocycles. Estimating fifths of divi
sions, t:he tuning an b s t a ily to 
within 350 cy le . The tuning con
den er, incidentally, i straight-line 
frequency o that linear interpolation 
is possible. 

The internal mo ulation system on
ists of a 400-cycle audio-frequen y 

oscillator which delivers sufficient pow-
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er for 90% modula t" on of the carrier. 
It fr quen y i adj u ted within -+-20 

l . The mo ulation per entage is 
ontinuously ariable and Lhe ac urac 

of calibration i u h tha wh n e for 
an gi en modulation it ill be orrec t 
L within 10 0 of the p r en t age of 
modula Lion, u ing either internal or e. -
Lerna! modulation at 400 y I 

Th fr qu n hara t ri ti of the 
m dulaLion go d and e_ -
L rnal modulatior an be u d with 

n id rable a cura er a id e fr -
quen range. The highe t audio fre
quen y tha can b used will depend 
upon the frequency of the arrier being 
modulated. The highe t audio fr -
quency tha will produ e an effective 
carrier modulation. within 1 d eci bel of 
the modulation meter indication is 
about 1.5% of the carrier frequency. 
On low-fr qu n coil , thi is the 
limiting factor. On higher-frequ ncy 
coils, the radio-frequen y filter and 
audio-frequency meter in the modula
tion cir ui t limit it to about 6000 y les 
for an error of 1 d ibel, or 10,000 

y les for an error of 2 decibels. 
Very low power i r quired tom du

la th in tru ent. M d ulation at 
30% i btained b a po r of ab ut 
60 milliwatt . The impedance at the 
e tern.al modulati n terminal i about 
5 00 ohm . 

�h d ign of a fl "bl and accurate 
ignal g n rator involves several im

portant consideration . Two of the 
out tandi:ng ones are the design of an 
attenuator that ill operate u'-''-'G"'"' 
fully over a wide range of radio e
quenc1 , and the redu tion of stray 
field to uch a level that he do not 

nt r into mea urem :nt when using 
the signal generator at very 1 w out
put voltages. The attenuation system 

of the TYPE 603- tandard-Signal 
nerator is uch ·that e s ntially no 

mea urable err r p into its attenu
ation chara ·teri tic at frequencie up 
to and through th hr adcas·t band. 

ome rrors are in I ed in th actual 
dir t-cur ·ent alibra ion of the re -

si t r and th 
dir t-c rrent d 
with ·th h rm c u ples. Th se aggre
gate about 3 0. At 10,000 kilo y ·I , 
the error in ·th attenuator become 
measurable and amounts ·to about 7 
whi h, tog ther with the other err r 
i.nentioned aho e, gi e a total errot· at 
this frequency f perhap 10 0• t 
25.,000 kilo cl , all errors total to 
about 20%. By a areful design and 
layout of the oscillator and attenuator 

ircuits, together with good hielding 
and use of toroidal coils in th oscillator 
circuit., the leakage · reduced to a 
point here it cannot be measur d 
unl ss a highly ensrtl e re ei er i 
connected directl y  to a multi-turn 
pickup co·I, which i placed ithi:n a 
few inche of the pan.el of the in tru
ment. These fields are in general o 

mall t hat they do not affe t measure-
1n n ts at 0.5 micr volt, ven when 
using an un hi Id d recei er. 

. THIE E 

* * * * * 

he pri of th YPE 603-A Stan l-
ard- ignal Generator · $600.00 with 
two calibrated coils for h frequen 
band from 420 t 900 kiloc le . 

dditional calihra ed coils for th 
omplete frequency range of the in
tru.m.ent from 00 to 2 5,000 kilo ycle 

are priced from 10.00 to $15.00 each 
depending on the range. alibra ti on 

urves, if de it-ed, co t 5.00 a h 
additional. 
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A DIRECT- READING METER FOR POWER AND IMPEDANCE 

MEASUREMENTS 

FIG RE 1. Pan·l i w of a TYPE 583- Output ower Met.er. showing th 
a ailable imp dance euing ana t.he meter scale 

I
T ha heretofore been nece ary, 

when power measurements were to 
be made over a wid i·ange of im
pedance value , to u e a d ade re
sistance box a nd a meter to in.di ate 

urrent or oltage. With data so taken, 
the power an be cal ulated, and from 
a plot of p er deli er d er us load 
resi tance, the int rnal impedan e of 

· the our e under measurement can be 
determined. 

This i a laborious proce s and in 
addition it on ume a good deal of 
time, especially when data for several 
su h curves must be taken as the 
characteristi of the ir uit under 
mea urement are vari d. An in tru
ment which indicates directly power 
and impedan e enables these measur -
ment to he made imply and con-

eniently and i an e 'tremely u eful 
tool in the communi at.ion laborat ry. 

In ·th May, 1932, Experirrienter the 
T PE 583-A Output Power Meter 
which wa designed for thi purpo e 
wa briefi describe . * 

Thi in trument of a vari-
abl ratio tran · ormer, a los adjus·ting 
network to give constant lo at all 
ratio , a m ter multiplier network, and 
a copper-oxide rectifier-type meter. 

The impedance range is extreme! 
wide, e tending from 2. 5 ohms to 
20,000 ohm . This i a ratio of 8000:1 
and more than covers all the im
pedan e value Ii ely to he encoun
tered in communication mea urement . 

The ratio of maximum to min"mum 
power which can be read on l:he meter 
i 5000:1, e tending from one milli
watt to S ' atts. An auxiliary scale in 
de iLel re:C rred to a zero le I of one 
milliwatt i al o included. 

'I he input impe an e of the ·n 1: ·u-

*John D. rawford, " Powel'." Metec with a Wide Impedance Range ... 
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Fr RE 2. ur of p wer output ver u load resi tanc for a ge rator 
with a 500-oh m internal impedance 

in nt i adju table in 40 tep ac d 
at appro imately logarithmic inter al . 
This feature is of considerable im
portan e. Figur 2 how a plot of 
power ou put again t load re istance 
for a evice having an internal imped
an e f 500 ohms. The ertical lines on 
thi plot correspond t the impedanc 
value available in the power output 
meter, and th e point are suffi iently 

lo e toget er tha the ma ·mum 
power can be ea il d termined. Sin e 
the load impedan e s ale is logarithmic, 
the urve is symm tri al about the 
ma imum power point. With logarith
mi tep of jmp dan e, therefore, the 
imp dance corre ponding to n1a imum 
power output can be lo ly e timated 
a the im edan wit h i  ar"ed. 

Th vertical cale interval f Figur 
2 corre pond to the angu1ar deflection 
on the scale of th indica"tor. in e a 

opper-o ide voltm ter has an appro i
mately Jin ar al , the ale f r power 
calibration folJow an in rse square 
law. Thi reads out the low end of 
th al all wing the meter to be read 

l el a low a] d fl ction . 
lthough the impedan e can b 

aried b a ratio of 8000:1, a high 
a ura y of in.di a tion. is obtainable 
ov r th greater portion of th u eful 

frequency range. The error in full-
ale po er r ading doe ot e eed 

0.3 db between 150 and 25 0 c le per 
second and the a rage errot· b t' een 
30 and 50 0 cy le 1 also not gr at r 
than 0.3 db. in e th ariab1e-ratio 
transform r annot b an ��ideal" one 

omewhat lm·ger 1-rot· o ur at h 
high and lo end of t:he u eful fre
qu nc range. Bet' en 20 a d 10, 00 

c cles per econd h av rage error i 
0.6 db and the maximum error at an 
impedan e etting at Lh .·tr m.e 
frequencie is 1.5 db. 

The impedan e error i · al 'O qui l 
mall over the g rea L r p t· Lion f Lhe 

frequency range. Bel.' een_ 150 and 
3 00 c ] p r e ·on<l Lhi err r J 
not e d 7 . Th a erag rror 
betw en 30 and 5000 ycl p r ond 
i 83 . ince th a cura y of th_ be t 
copper-oxide i ndi ating elem nt is only 
about , the e figure how that th 
other �ircui t elemen t are held 1.o e -
tremely mall t ] ran e . thigh r and 
lowerfrequ n ies, as might be e �pe ted, 
the impedan e error i rease , and the 
a rage error b t' n 20 and 10,0 0 

cy les per e ond i th two 
e treme frequencies and 10,000 

the maxim.um impedance error at an 
setting i 50 o· 
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n. analysis of the e .figures, particu
larl with referen e to he curve of 
Figure 2, will show that they are, for 
the most part, negligible e cept at the 
highest and lowest frequen.cie . 

The TYPE 583- Output Pow r 
Meter i not intended to he a pre i ion 
instrument and the uses for which it i 
designed do no t u ually ju tify pre
cision method . It ombines con e
ni n. , wide range, and low pri e with a 
rea on.able degree o.f accuracy and per-
1nits a high degree of a cura y ver a 

' mewhat maller range . 

To the communication engineer the 
u es of this instrument are obvious. 

herever power and impedance mea
uremen.t mu t: be made: in. the de ign 

and testing of filters, transformers, and 
other network ; in. measuring the power 

u tput of va uum tube · in making 
many of the tan.dard test on radio 
receivers; its u e save a con iderable 

amount of time hitherto pent in 
manipulation and in calculating result . 

It is useful in determining dire tl 
the power output of a generator or 

t:her source a a fun tion of load 
i mpedance and the internal impedan e 
of the source can be determin d b 
mean. f the maximum power output 
point. 

In mat hing loud peakers to vacuum 
tube , it is often necessary to make 

everal eries of obser ation in rd r 
to simulate t he varying "mpedance 

hara teri ti of the peaker. For this 
purpo e., the TYPE 58 -A Power Outpu t 
Meter give the ired re ults r 
quickl y. It i ufficiently sen itive to 
mea ure dire� tly the out put of a phono
graph pickup in order to determine it 
in t ernal impedance and out ut po er 
le el. 

The price of the T PE 583- Output 

Power Meter i 95.00. 

A NEW PLUG GROUP 

67 -D 674-J 674-P 

TYP� 674 PLUGS AND JACKS 

The pric of the TYPE 67 4 Plug · 

and Jack were in orrect a li ted in 
th 0 t her i ue of the Experimenter. 

The orre t pri e ar : 

T PE 674-P II-Metal Plug. . . . . 0.3-
P 674-J J a k. . . . . . . . . . . . . . .:..5 
PE 6,...,4-D In u1at d P lug . . . . . .50 

T
HE GENERAL RADIO COMPANY mails the Experimenter, without charge, 

each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests 

for subscriptions and address·change notices to the 

G�NERAL RADIO COM PANY 

30 State Street Cambridge A, Massachusetts 
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