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MEASU REME N TS 
AND ITS INDUSTRIAL APPLICATIONS 

VOl. XI No.1 JUNE, 1936 

A MODERN STANDARD-SIGNAL GENERATOR 
• SIG NA l GEN ERATO RS have reached 
a stage of maturity when new designs 
fIlay be directed at requirements in de­
tails of opera tion and elimination of 
sources of error raliler than improve­
llJent in the fundamen tal method. 

In the lIew General Hadio TYPE 
6OS·A Standard-Signal Generator. the 
emphasis is on improved convenience 
and accuracy of operation. Perhaps no 
feature of earlier generators has btlCIl 

more annoying than the necessi ty for 
changing coils when operating over a 
wide frequency range, and this has been 
eli minated by the use of a range switch 
- and the frequency control dial is di· 
rect reading. doing away wi lh calibra­
tion curves at the same lime. Another 
long-desired feature - a ·c operation­
has been incorporated, but the geuera­
tor may also be operated on batteries j( 
desired. Electrically a lso, muny annoy­
ances of earlier instruments have been 
eliminated. Frequency modulation is 
negligible, as is reac tion of the aUen­
uator setting ou carrier frequency. And 

no more \\ ill a blown thermocouple 
bring the day's work to a permanent 
end. 

The instrumcnt is tile result of nearly 
two years' study of the problem of de­
signing and manufacturing a signal gen· 
erator which combines accuracy and 
gencral utility wilh a price that mos t 
radjo receiver manufacturing labora· 
tories, colleges, anel engincers caD IIf­
ford to pay. 

A wide fre{luency range is of primary 
imlwftance in IIny general utility sigllal 
generator. The range of the TVPE 605·"\ 
5 I a nda rd -5 igna I G euer a tor ex l end s 
from 9.5 to 30,000 kilocycles, covering 
carrier, supersonic and high audio fre­
quencies as well as most of the radio· 
frequeucy spectrum. 

The inducta nce and capacita nce 
have been so propor tioned that only 
two frequency scales are necessary on 
the dial of the tuning condenser. Seven 
coi ls are used in conjullction wi th a con­
denser having a 10: 1 ralio of maxi· 
!Dum to minimum capacilance. The 
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I'rc l'RR I. Panel "Iew of the Tn'R 605·A S taml:ml.Signal GeneratQr 

ra t io of maximum to minim\lm fre­
((uency for each coi l is, therefore, the 
square root of 10. or 3.16, and the ac­
tual ra nges in kilocycles arc 9.5 to 30. 
30 to 95, 95 to 300, and so on up to 
30,000 kilocycles. Figure 2 shows the 
dial and scales in detail. 

The main luning condcnscr operated 
by this control has bcen designed to 
provide a logm'ithmic change in fre· 
quency with angular rotation. A gi \'eo 
rotation \"ill cause the same perccntage 
change of frequency at any setting, and 
the percentage accuracy of reading is 
constant over the entire frequency 
range of the instrument. 

T he tuned circuit has been designed 
for a high degree of frequency sta­
bility. This is achie\'cd by using a nigh 
value of circuit ca pacitance (1400 to 
140 micromicrofarads) aud by careful 
<iesign of the inductors. 

, 
w v f' I 

the range 9.5 to 300 ki locycles are 
wound on sectioncd isolantite forms. 
The four higher-frcq uency coils are 
wound on trea l,ed low-loss linen·bake­
lite tubes. One of Ihe isolan tite coi ls 
is illu s trated in Figure 3 . Thi s type 
of construction has reduced the fre­
queucy drift with time to less than 
0.01% at lilly frNluency after au initial 
warming-up period of 20 or 30 minutes. 

Each coil has a magnet ic.melal 
dust core which is adju sted to obtain 
corrcct inductance, and , once a(l­
jus ted, the core is locked in place by 
two setscrews. Associa ted with each 
coil is a trimmer condenser. These fea · 
tures make it possible to adjust thc os­
cillator coil to the correct inductance 
for its low- freque ncy point and to ad­
just the minimum capacity for the high­
frequency end of scale. In this way the 
frequeucy scale is made direct-read,iog. 

Tl 'I r I v (-
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arc very easily achieved in single-fre_ 
quency generators such as trallsmi Iters, 
but for a wide-frequeney-range signal 
generator the problem is much morc 
complica ted. The conventional circuit 
involves the use of a complete dupli­
cate set of rad io-frequency lulling in· 
duetors, of which there are seven iu the 
TVPE 605-A , and two ganged variable 
air condensers. The two tuned circuitl! 
lIlus t be accurately aligned for all fre­
quencies. It also ill \' olves the push.pull 
outpllt tube arrangement if bigh per· 
ce ntages of modulation are required. 

The principal di.fficulty is that the 
F'ICIJIU: 2. The ma;n frequency e.)nlrnl dial duplica te tuned and push-pull circuits, 

with the attendant increase ill calibra -
change switch controlled from the 
pa nel. On the dial , wh ich is illus trated 
in Figure 4, each coil range is lelterecj 
and the actual range engra ved on either 
the inner or ouler circle of numbers. 
The inner aud outer circle refer to the 
corresponding circle on the main fre­
quency control so that there will be no 
confusion as to which scale to use for 
a given freque ncy bund. 

The band -ehangeswitch itself, which 
is shown in Figure 5, has been designed 
especially for this instrument. lloth the 
movablc and fixed con tacts are of sil· 
ver. A posi ti ve detent action is pro­
vided so that the correct cen tering of 
the SVlitch at each stop is assured. 

Prequ ency modulati on an d th e 
reaction of the attell uator se tting on 
ca rri er frequency have lo ng bec n 
hothersome defect s in comm ercial 
stalldard·signal genera tors. Both can be 
eliminated abuostco'llple tely hy the use 
of a master-Oseillator power-amplificr 
ci rcuit in which the modu lation is in. 
troduced into the amplifier stage. Thc 
amplifier isolates the oscillator circuits 
from both the modulation and the 0 111-

put circuits, and this accomplishes the 
requircd result. These MOPA eircui tl! 

3 

tiol1 amI adjus tment costs, rules out 
the method for a moderately-priced 
ins trument. An investigation of 1111-

tuned radio- frequency amplifier cir­
cuits indicated that sa tisfactory rcsultl! 
would be possible with aperiodic coup­
ling, even oYer the ex tremely wide fre-

, 

1-'1(;UR~ 3. One o( the low fre'I'Jcncy coil! 
8howing colld rue t;on 
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quency range required for a standard­
signal generator. 

The use of an untuned output circuit 
reduces t.he output power available but 
bas tbe advantage of simplicity aod 
also eliminates the probability of side­
band clipping at high modulation fre­
quencies. Even without a lUlled out­
put circuit quite high percentages of 
modulation can be achieved if 111'0 am­
plifier tubes arc used ill a push-pull cir­
cuit. These balanced circuits, how­
ever, a lso re(luire a ralher elaborate 
and expensive arrangement of addi­
tional eq uipm ent, espec ially whell 
working into a grounded unbalanced 
atlenuator system. 

For these rea&QnB, a single tube with 
an aperiodic output coupled directly 
into the auenualor has been used. 

The IllaximUIIl percentage of modu­
lation depends cn lirely upon the 
alllount of radio-fre(lucncy and audio­
fre{luency distortion that can be tol­
erated. The latter distortion is rather 
more important. The r·m-s val ue of the 
audio-frequency harmonica in this in­
strument has heen reduced to 3%· at 
30% modulation ; at 50% modulation 
the harmonics arc somewhat less than 

FteUR .. L The l)~nd.ch~n:;c dial 

4 

5%-. Therefore. 50% modulation was 
selected as the maxi mum. 

The TYPE 605-A Standa rd .Signal 
Generator is provided with a 400-cycJe 
iuterua lmodu lating oscillator. l IS out­
put is inlroduced into the grid circuit 
of the ampl ifier-modulator tube and is 
adjustable frolll zero amplitude to the 
maximum of 50% modulation. Its 

FICURt: 5. C:onSlruClion or the Iland-change 
switch 

amplitude ito read on the lower scale of 
the pallel meter shown in Figure 6. 

Termina ls are provided ror external 
modu lation, which is ohtained frOIll 
ally ex ternal osci llator. TLte frequency 
range is frolU 30 to 15,000 cycles. Since 
the modulation is applied in a vaeuulIl· 
tube grid circuit tbe power required is 
vcry low. On ly five volts across 2500 
ohllls (10 milliwalls) are needed for ~ 
'Th_ ' ., .... ;""I~cl" ,h. cl",.,..,ion i .. ,h. audio_ f .. · 
4~.n.,. .,..,ilt .. .,.. ;'ICIf. 
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FIGURIt 6. Vacuum_luhe vol tmeter !!Calc. 

30% lIlodu lalioll . 10 order to pre\'ent 
effecti vely Mlly radio.frequency leakage 
a t Ille exlernal·modulation termiuals, 
two low.pass filters are provided. Below 
300 kilocycles the maximulII mod1ll(lt· 
ing fretluelley is limited to 1000 cycles. 
Above 300 ki locycles ca rrier fre(IUency. 
the (ull external·modulation range of 30 
to 15.000 cycles may be used. 

For purposes of re li ability and ac· 
curacy, vacuum·tube \'oltmcters arc 
used 10 measure tbe amplitullc of lhe 
ca rrier and the modulation \'oh age, 
Bo th \'oltmclcrs use the sallie micru· 
ammctcr, which can be swi tched from 
olle circuit to the other as desired_ 

The au di o .frequ ency modulat in g 
voltage is impressed on a TYPE 8 ~ Itee­
tifier Tube operating in a full -wave 
rectifier ci rcuit. The current drain is so 
slight Ihat the waveform is lIot af­
fecled by the rectifier across il. 

., 

The carrier-fre(lucllcy vacuum-lube 
\'oltmeter is brid ged across the carrier 
output of the r(ldio·rre(luency ampli ­
fier al the beginning of the ou tput at­
tenuator systelll . II is essential that its 
input capacitauce be low SO Ihat it will 
not bypasslhe higher rlltlio fre(luellcies. 
A TYPE 955 Tube has been sc:lccled as 
Ihe lllostsuitahle.1 t is, in fact, the only 
relldi ly·available cOllllllcrcia l tubc that 
\1 i ll do the " 'ork successfu lly. The me· 
ter cireuil lIIay he adjusted to take care 
of slow drifts in the tube sellsi ti vit), due 
10 reduced ea lhode emission o\'cr long 
peri0d3 of time. 

The a ttenllal.or sy6lem has received 
particular atten tion. The amplifier lube 
works into an L.t)'l>e al lellualor hav­
ing an impedance of 50 ohms. The cir· 
cuit is shown in Figure 7. The shunt 
clement, whieh is the lII08 t cri tica l as 
to accuracy, is in a ppearance similar to 
the General n adio T\'PE 30 1·A Poten­
tiometer. Tbe resistance "ire is wound 
by the Ayrton-Perry metll()(1 on a th.iu , 
narrow for m. The magnetic field around 
this potentiometer is practically elim· 
inated by an aluminum CCLller which 
red uces tbe area enclosed by the mov­
able swi tch blade. By proper propor· 
tioning of Ihe \'a rious e1emcn ts, almost 
all or the residual imlucta nce is clim­
inatetl, ma king the l)(Itellt iomclcr prac· 
tica lly a pure rcsisulllce a t a ll fre· 
quellcies. The series rheosta t is similar 
ill construction. This L-nCI\\'ork I)ro­
vides a continuous \a riation of Ihc 
ca librated output volt llge range over a ,-

,00' 
""" ~:/~ , 

F'GURII 7_ ScheUl ulic di llgram of !lIe olll(.ul lIyelcill 
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ratiu of 1 to 20. Its control scale is cal­
ibrated from 0.5 to l O io microvolls. 
The slide-wire Hsscmhly is followed by a 
five-s tep ladder network . Each SlCp 
changes the output by a factor of 10, 
providing multiplying faclors of I. 10, 
100, 1000, and 10,000. The resistor ele· 
ments of the ladder are wound on very 
Slllall mica ca rds in the COlwent ional 
mouller except, that, by belter propOf' 
ti o nin g of the dim ensio ns, th ei r 
frequency characteri s ti cs ha ve been 
considerably improved. The)' arc core­
fu Jly shielded, and a concen tric output 
plug is provided 80 that the shielding is 
maintained inlaet through to the end 
of the concentric shielded eOUJlector 
('a ble, also provided. l'be ou (put Ill,iero· 
voltage is eontinuoosly variahle from 
0.5 1.0 JOO,OOO micrO\'ohs. The atten· 
uat or output impedance is constant at 
10 ohms up to 10,000 microvolts and 
increases to 50 ohms for the range of 
10,000 to 100,000 micro,·olts. 

The instrUlllent is designed for oper­
ation directly {rom the commercial al­
teruatiug-current power maillS. Since 
it is important that thc output amplj­
tude and fre(luc:ncr remain cons tant a t 
all times, an automatic voltage ·regu­
lating transformer is used. It is possible 
to regul a te the plate ,·ol lage hy means 
of a gas.fillcd regul a tor tube or olher 
means. but this does not elimiuate the 
slo\\' drifts due to changing calhode 
temperatures. The ell tire power input is, 
thercJore, "ohage reguJal ed by meallS 
of a ,;alurated-core- type regu la ting 
tru nsformer. Care has IJecn taken in it s 

Typc 

605· '\ 
605-A 
605-A 

P fIIfW Slipply 

W <:ydCil 
50 crdt~ 
42 eyelet! 

de,;igll to reduce external eleclro. 
magnetic fields. Since a giveu design of 
this type of trllnsformer is only suitable 
for a narrow range in the vicinity of 
one supply frequency. three models 
are available for usc Oil 60·. 50., or 42· 
cycle supply mains, which include 
lIlost of the commercial freque ncies 
llSC(l either in this country or abroad. 

Battery opera tion is sometimes es· 
sential for mobile work. For this use, It 

battery power coulrol panel lIIay be 
ordered wilh the instrument instead 
of lhe alternating·current power IIllit. 
This control panel is equipl:ted with a 
suituble metcr for reading bot,h A and 
8 voltages, II filament, and a plate ad· 
justing rheostat. The ca thodes arc 
operated at 6 volts (from all automo­
bile storage ba ltery for example)' with 
lotal current. requiremellts of L 70 am­
peres. A single 200·volt battery ca· 
pable of delivering 37 milliamperes con­
tinuously is required for t.he 13 supply. 
No othe[ hal.l.eries are needed. The 
power input leads are filtered lo pre­
\'eut radio.frc(lllcncy leakage. 

The whole assembly is hOllscd ill a 
copper.shje1ded cabi net. '1' be grea tcs t 
cafe has been used to reduce radio· 
frequcllcy leakage to a value so low 
thaI. an unshielfle(1 recej"cr will nOI be 
affeeled by leakagc even \\'ben \\'orking 
a t the lowest microvolt le,·els. 

- AnTIIUH E. TIJIESS E~ 
The TYI'E 605 ·}\ Standard.Signal 

Generator was desi~,"lled by Mr. E. 
Karplus in collaboration with Messrs. 
L. B. Arguimbau find A. G. Bousquet. 

(M/c Word Prir.c 

"NNU I. $415.00 
"NOUI! 415.00 
"N\TII. 415.00 

605·A Dnttery A I'AKT 4 IS.00 ,.-. 
Thi8 in$trumenl i8 liCt! II<1eJ limier tl~l enlii of the '\merican Telephone an ti T elegrll('h Com. 

[,II"Y. f:I(llely for uti lizalion iu rCilCarch. invCilligaliou, m/l .. , urcmeul , te5ling. in,;; ltUVllun, anti 
ileveloplllc lJl work ;11 pure and alll)I;1ld lloC;cncc. 
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rat io of 1 to 20. Its control scale is cal­
ibrated from 0.5 to 10 ill microvolls. 
Theslide-..... ire IJssclllhly is follo ..... ed by a 
fi ve-step ladder net ..... ork . Each step 
changcs the output hy a factor of lO, 
prov iding multiplying fac tors of I. 10, 
"100, 1000, alld 10,000. The resistor ele­
ments of the ladder are wound on very 
slll all mica ca rds in the COIl \'enti onal 
manner except. that , by bett er propor· 
tio ning of the dim ensio ns, th ei r 
(req uency character is ti cs lI a ve bee l! 
considerably impro\'ed. The)' IJre care· 
fully shielded, and a concentric output 
pl ug is provided so thaI the sh ielding is 
main tained intact through to the cnd 
of the concentric shielded COUJlcctor 
(·a ble, also providc(L T be output lU,icro· 
\'oitage is continuously variahle from 
0.5 1.0 100,000 microvolts. Thc atten­
ualor outpu t impedance is constant at 
10 ohms up 10 10,000 microvolts and 
increases to 50 ohms (or the range of 
10,000 to l OO,ooO microvolts. 

T hc instrUlllcnt is designed for oper­
a tion directly from the commercial a i­
teru ati ng-current power Bla ins. Since 
it is im portant that the output ampli ­
tude and fre(IUency remain COllsta nt a t 
all limes, an au tomatic voltage -regu­
lati ng transformer is used . It is possible 
to regul a te the pla te ,·olt age t.y means 
of a gas.fi lled regul a tor tubc or ol her 
means. but this does not climiuate the 
slo" driflS due to changing cathodc 
temperatu res. The ell tire power inpu t is, 
therefore, voltage rcgulat ed by means 
of a sa turated-core-t ype regulating 
tra nsformer. Care has lJeen taken in its 

Type P,mw Stlpp/)' 

design to reduce external electro· 
magneti t: fields. Since a giveu design of 
this type or transformer is onl y suitable 
for a narrow range in the vicinity of 
one suppl y frequcncy, three mo(lels 
lire available ror use ou 60·. 50-, or 42 -
cyele supply mains, which include 
lIlost or the eOIllJUercial rrequeneills 
used either in this country or abroad . 

Battery operatioll is sometimes es· 
sential ror mobile work . For this use, It 

ba ttery power control panel may be 
ordercd with the instrument ins tead 
of the alternating-current power unit . 
This COlllrol panel is equipllCd wil h a 
suitable meter for read ing bot.h A aud 
8 voltages, a fi lament, and a plate ad­
justing rhcostllt . The ca lbodes are 
operated at 6 volls (from an automo­
bi le storllge ha ttery for example)' with 
total current rcquirements of 1. 70 am ­
peres. A si.ngle 200·volt battery ca­
paIJle of deli\' ering 37 milJiamllCrcs con­
tinuously is required for the 13 supply. 
No other bal.l.eries are needed. The 
power input leads are filtered to pre­
\'cut radio-frequency leakage. 

The whole assembly is hOllscd ill a 
copper-shielded cabinet . T he greates t 
care has been used to reduce radio­
frcqllency leakage to a val ue so low 
th at an IIl1shieltled recfli vcr will not bc 
affeeled by leakage evcn ,,·beu "'orking 
a t the lo\, es t micro volt levels. 

- AnTII UR E. TIJIESS E1" 

The TYI' E 605-}\ Standard ·Signal 
Generator was des i ~"'lled by I\'[r. E. 
Karplus in collaboration with J\ l cssrs. 
L. B. Arguimbau and A. G. BOllsquct. 

em/e Word Price 

605-,\ W cydCil ANNU l, 5415.00 
605-A 50 eydCII A NO UK 415.00 
605-A 42 eyelet' AN\TI", 4 t5.00 
605·A Dou er,. A I'A KT 4t5.00 .-

This in$trumcnl is lieellseu limier p~ l cnlil of the American T clcphone HnU T elegraph Com-
t,any. 601ely for utilizuliun iu research. iIlVei:\ li !;Oliou, mea8uremeul , les lillg. im; lrutJ liun, allt.! 
ucvcl0PIllClll work ill pure Dud Pllplifld Il.cicncc. 
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ralio of 1 to 20. Its control scale is ca l­
ibrated from 0.5 to l O in microvolts. 
The slide-wire assclll hly is fo llowed by a 
live-step ladJcr network . Each step 
changes the ou tput by <l factor of 10, 
proviJing multiplying factors of I. 10, 
"100, 1000, and 10,000. T he resistor e1e­
mCllts of the ladder are wound on very 
small lIIiea cards in the COIwentional 
malilicr excepl, that, by bel ler propor­
tioni ng of the dimens io ns, th eir 
fr ct! Ileney characterist ics ha ve been 
considerably impro\'ed. The)' are ca re­
(uliy shielded, and a concentric (lutpul. 
plug is provided 8(1 t hat the sh ielding is 
Illaintained intact t hruugh to tile end 
of the concentric shielded COUJlcctor 
ca ble, also provide(L T ile ou tput micro­
\'oitage is continuollsly variahlc (rOIll 
0.5 !.o JOO,OOO microvolts. Thc attell­
llator output impedallce is constant at 
10 ohms up to 10,000 microvol ts and 
increases to 50 ohms for the range o( 
10,000 to 100,000 microl·olts. 

The instrumcnt is dcsigned for oper­
at ion directly from the cOllIlDercial a l­
teruating-currell!' power mai llS. Since 
it is important t hat the output am plj­
tude and fretluenc)" remain constant a t 
all limes, an au tomatic voltage-regu­
lating transformer is used. It is possible 
to regulate the pla te vol t3ge hy Illea ns 
of a gas.fi lled regulator lube or other 
means_ but this docs not elimiua te the 
slow dri(LS due to changing ca thode 
temperatures. The entire power input is, 
therefore, l'oitage regulated by mcans 
of a saturaled-core- I}'[JC regulating 
tra nsformer. Care has !Jccn laken in its 

TYJlC p (II4W SlIp"ly 

design to reduce ex tern al e lectro· 
magnctic fields. Si nce 8 giveu dcsign or 
this type of transformcr is onl y suitable 
for a narrow range in the vicini ty of 
one suppl y frequency, t hree models 
a rc available for use on 60 .,50-, or 42-
cycle supply mai ns, which include 
Illost of the commercial frequencills 
used eit her in this country or abroad . 

Battery operation is sometimes es· 
$Cn tial (or mobile work . For this usc, It 
ba ttery power control panel llI ay be 
ordered wi th the inst rument instead 
of t he altcrna t ing-currellt powcr IIllil. 

Th is control panel is equipllCd will..! a 
suitable metcr (or reading both A and 
8 voltages, a fil anwnt, and a pl ate ad­
justing rhcostll t . The ca thodes are 
operated at 6 volts ((rom an automo­
bile storllge hat tery (or exam pic) , wi th 
total eurrenl requirements of 1. 70 am­
peres. A slngle 200·volt bau ery ca­
pable of deli \Tering 37 millialll llCres COIl­

tinuously is required for the 13 supply. 
No other bau eries arc ulledcd . The 
pO\ .. er inpu t leads arc filtered to pre­
\'cn t ruuio.fre(llleucy leakage. 

Thll wbole assembly is housed in a 
coppcr.shjelded cabinet. Tbe grea tes t 
care has been used to reuuce radio­
Crequllllcy leakage to a value so loll' 
that an unshielded rccei \'er wi ll 0 0 1 be 
a ffeeled by leakage even wbell ,,·orking 
a t the lowcst microvolt le \'els. 

- AIITlIllH E. T m EssEt"" 
The TYI'E 605-}\ Standard -Signal 

Genera tor was designed by Mr. E. 
Karplus in collaboralion with Messrs. 
L. B . ./\ rguilllbalJ and A. G. B OIlSqUIll. 

(Mlc Jr7 or" Price 

605- ,\ W cyclCil .1. .... ,.111, 5415.00 
605-A 50 cyclt:1l A .... Oll lI 415.00 
605-A 42 cyclC<l AI'·\TI I.. 4t5.00 
60S-A oou ery A I'ART 4t5.00 .-

This in$trumcnl i~ licell8cJ u",ler pal.cnlil of the American Telephone Hnd Telegrarh Com-
I.any. tIOlely fur util iza tioo iu reilCsrch. invel:\li!;atiQu, nlea8urenlcnt, te5ling. in~ lrutaiu'" and 
developlIlclll work ill pure anti Pllplied lloCicnce. 
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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
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