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X. 'OTH ER cornmunicatiO:l meas
urement problem makes irs 
appearance wnen it is desired to 

determine experimentally how Illuch 
power a gi\'en power source is capable 
of delivering to a spc('ifil'd load or si nk. 
So long as the source itsel f is available 
for test, it is mereh' necessary to set 
up the equipment a~d make die meas
urements. rr, however, the source is 
not available, some means must be 
found of simulating it. At least tWO 

methods for doing the job are avail
able, and we propose to describe them. 
Both ,tl'C perfect1~- general: t he 
"source" m:w be a \'acuurll-tube oscil
lator or a microphone or an incomi ng 
transmission line ; the ';load" may b~ a 
loud-speaker or an anenuatiOl1 net_ 
work or an outgoing transmission line, 
T here are onl\' twO re$trirrions: the 
"source" mus't supply a "inusoidal 
voltage, and the impedance 01 the 
.. load" must not depcml upon the 
cun'ent in it, 

'\. generalized sta tement about net
works called Th cvcnin 's T heorem gives 
di rect1~' one of the methods (or setting 

• This is the second pan of ~n arridc begun 
in the OCIQb.:r i!>Sue of the EK/,"imnlur, AI. 
though compleu in itself, Ihis «clion depcnd~ 
upon the inmxlllction pr"c~ding Pan I. 

II 

up a simulating source, We shall defer 
stating it until laTer bCl'ausc it will 
si mplify matters to set up a specific 
hypothetical problem, follow through 
its solution, and with t hat as a basi s, 
sta te rhe general law, Our discussiun 
must be understood to be an attempt 
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to shuw that T hevenin'g T heorem is 
plausible without trying to prove it, 

Consider, for example, the load 
circuit shown in Figure .1, Its imped
anl'e at a given freCJuenc~' is ZN.: the 
voltage drop. current, and ahsorbed 
power which l'orrespond to Z/{ are, 
respectively, Ell, I H, and IVN.' Inasmuch 
as Z/{ is assumed to be- independent of 
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111.1 we can make the obvious sta tement 
Ihat for an\' \-;duc of ZR' IV II. will de
pend only ;Ipon the mllgnitud(' of ER 
h,r of I R. si nce E and I are linked by 
Ohm's Law). 
~'ow suppose that we wallt to de

(ami ne experimentally how much 
rO\\ cr t he load will absorb at different 
frequencies from a given power source 
which is not available for the tests. 
" 'har must I\e do In order to seT up a 
simula ti ng wurcc? We han' JUST seen 
that the ani" way a source can afTc(·t 
W R is to change ER• Therefore, all we 
need do to simulate tht: gi\'cn sou rce is 
to make surt' that, no matter what 
value ZR rnav assume {as a rt'suh of 
changing the' test (rcc! uency, for ex
ample) , Ell. for the simulating source 
is the same as Ell. for the source itsel f. 
In o th er words, no power measure
ments on the load cou ld tell us which 
of two sources was supplring power 
if the terminal voltages (En) Of each 
were the same. 

Let us also assume that the source 
to be simulated ;s an alternator which 
delivers a constant voltage at its Ollt
put term in als no mauer what load is 
thro'>' n upon it.· Because of a high
imped ance line between the alternator 

I 

and its load terminals, tile voltage at 
the: load terminals depends upon the 
size of the load . Th is condition is repre
~ented in Figure 4, where E is the \'olt
age of the alternatOr, G, and k is the 

· /In oscillator ",·h;ch muM <10 cued,. that 
would ~. CUrlOS; t\·, h:l\i ng, IS we shall point 
Qut ]at(r, ~ negligible "inr"rnal imped~ncc." 

impedance of tile line;:. EH is therefore 
always Jess than E by E:, the voltllge 
drop in~. In other words, IJ' R depends 
upon ~. 

From what has gone before, ~ may 
be considered a part of a new load, Z' H. 

having an impedan ce of Z~+ZR' The 
power deli"eroo to this new load will, 
as hefore, be fixed if the voltage drop 
lICroSS it is fixed. T he generator, G, 
delivers consmnt volt<tge under all 
conditions of load, a fact which enables 
us to build a simularing source. Sinee 
the load cannOt distinguish bctween 
one generator and anoth er if the im
pressed voltages are the same, we can 
tak~ any generator, maintain its termi_ 
nal vol tage eq ual to E by manual 
adjustment, and the power delivered 
to Z'R will be the same for borh the 
actual and the simulating sources. 
Furthermore, the voltage drop in k 
will be the samc under both conditions, 
and the power delivered to ZR will be 
rhe same as rhough it were connected, 
to [he origin al source. Therefore, we 
have shown that any generator con_ 
nected ill series with an impedance 
eClu al to Z, will si mulate rhis particul ar 
source, if the voltage ar lIle generator 
terminals is maintained constant and 
equal to E. 

From the foregoing discussion we 
may conclude that the;: preS<'nce o( Z:. 
the internal imped ance for the gi" en 
power sou rce, is the reason \\ hy 
changes in the magnitude of ZR af_ 
fect t he rerlllin;.1 voltage ER • If Z:: is 
equal to zero, ER, would be constant 
and I..'<{ ual to E, the open-ci rcui t vol tage 
of the source; bur if Z:: is not zero, then 
ever~' decrease in the magnitude of ZH 
causes ER to be less than E bv the 
'01 tage drop in Z:. = I Hz". Further;llOTt, 
any generator or any source behaves as 
th ough it had no intern al impedance 
if its terminal voltage is maintained 
conStan t. 

Suppose that G were not a COllsta/lt_ 
voltage generator, or, in other words, 
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FIGUl.lt 5. T .. ·o method6 rpr ,imulating 3. power source when its open.circuit voltage E_IZ and its 
internal impedance Z are known. L&I"T: Con.t:mt.voltage method. RtCHT:Constanr·current metho.l 

suppose that its terminal voltage E 
depended upon the amount of current 
taken br the load. This WQuld, of 
course, indicate that somewhere ahead 
of its output lerminals there existed an 
appreciable impedance. To simulate 
rhis new source we would proceed ex
actt) liS before: maintain the simulat
ing-generator \<oltllge constant and 
equal to the open-<:ircuit voltage of 
the source and conneCl in series with 
it an impedance e'!ual to Zc+k. the 
sum of the internal impedance of G 
and lhe imped ance of the intervening 
connening wires. 

I t is now time to di!K"ard all of our 
labored attempts at :l simple and or
derly development to state the general 
law about which we spoke at the be
ginning of thi s section. It is a corollar~ 
ofThevenin's T heorem, a theorem that 
is capa hle of a formal proof with which 
we shall not concern ourselves here. 
Thcvenin's Theorem permits us to 
State that (l1I;~ power source can be 
sim ulated (Figu re 5) by a generaror 
with a terminal voltage E connected in 
series with an impeda nce Z; E being 
equal to the no-load or open-circuit 
\ohage of the source and Z heing equal 

to the impedance of the source flJ !em 
from ilJ OU/Plll In·mina/;. This can be 
verified experimentally for a simple 
source like the one we have been dis
cussing by connecting an oscillator to a 
load of adjustable bur known imped_ 
ance and observing its term inal volt
age as a function of delivered power ur 
of load impedance or of current. Errors 
due to bad waveform and overloading 
in the oscillator must not be allowed 
to enter. 

The diagram at the right in Figure 
5 shows the second simulating method 
and although it does nOt follow directly 
from T hcvenin's Thl-orelll. it can be 
shown to be clltirelv consistent with it. 
In the second method, const:ult cur· 
rent is maintained through the parallel 
ci rcu it form c<i by Z, the impedance of 
the sim ulating source, and the load 
impedance: the constant l'urrent being 
such as to make the no-load voltage 
drop across the simulating impedance 
equivalent ro rhe no-load \·oltage of 
rhe power source. I f we can show that 
for any val ue of ZH. the voltage ER is 
rhe same for both rhe constant-currenr 
and the constant-voltage methods, tht! 
tWO are equi\·alent. 
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Imagine thar both circuits are ter-
minate<1 in a load ZR: 

(a) for constant-voltage method, 

/ ' /? ( f:)Z r:Z. 
~R" H."'R = 7,+Z: N'" Z+-ZR ; 

(b) for constant-current method, 

F.N=/( ZR
Z )=!i( ZRZ)"" EZR . 

, Z+ZR Z Z+ZH. Z+Z[( 

I ( the voltage of the sourre is nOIl_ 
sin usoidal or the impedance o( the 
load is non _linear (i.e., a function of 
current), special care must !Je used in 
applying these simulating methods. 
The same care must be exercised when 
studying transient effects, since our 
discussion has been [acid,' limited to 
t he stead ~'_sta te condi tion.· 

A N01\ -POLAR R ELA Y 

F,{,l·at I. TVPI; 50;'''' "on~ l>obr 
Reb), ')1'1(31 of iK)lh 'rite; 

J\
~ their namcs indicate. the ncw 

T n't: 507 ~on-Polar Relays 
cont ain an armature that is not 

permanently rnagnerized. The} do not, 
therefore, disring:uish between the twO 
directions of current as dOt:s the TYI'E 
4111 LO\~-Currenr Relay.· Their prin
cipal use is in cases where contacts of 
low cllrrent-carrying: capaciT)' mUST 
control heavier currents, as in the TVl't: 

547-.'\. T emp·rature-CoIHrol Box. 
There are n~o of tht.> new Non_IJolar 

------c.l': Uurke, ";~ "\cw Rela)':' ernm" Radio 
£xpffimrnlrr, 111. Fd,ru3ry, I 'J19. 

Relays, bearing: dIe t~ pe numhl;!r~ 
~07-A, and 507- 13 , respcni\·eI~, Their 
specifications are as follows. currents 
gi\'cn corresponding to positive opera
Tion in either vertical or horizontal 
pOSltlOns: 

T nE 507-A Kon_Polar Rela~-. Cur
rent to dosc, 10 mla. Current to open, 
6 m[a. Resistance (::I: 5%), '250 ohms. 
Code Word. NITRE. Pr i('c ~1'2.00. 

T nE 507-13 :"\on-Polar Rela~, Cur_ 
rent to dose, 2 mia, Current to open, 
1 mla. Resistance (::I: 5%), 4CX:X:> ohms, 
Code Word, NOlll.E. ]>ricc ~ IS .OO. 
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T E MPE IU T URE C O:\"T ROL FOR 

P rEz O-ELECT R IC O SC ILL.rITORS 

Q UA RTZ plates for use as stand- :mis,· Ule tempcrature should be kept 
atd" of frcqucncr in piezo- constam and a ll adj ustments of fre
e1enric oscillators llHlsr be kept q ucne)' made by the- use of an adjust
under temperature l"OlHrol if able air-gap in rile plate holder or by 

constancy of frequency is to be ex- changes in the circu it constants of the 
peeted. It is impossible to m:lke a gen- uscillator itsel r. T his attirnde has much 
etaJ statement aoout t he frequency of to recom mend it from the point of view 
such an oscillator as a function of the of both t he manufacturer and t he user" 
temperature of the plate, l>ecause th e of high_precision quartz plates, for it 
freq uency-tempera tu re coefficient va_ simplifi es the problem of constructing 
ries considerabk wit h the wa" t he suitable temperature-control boxes and 
plate is CUt. Even among plates ~f the m:lkes for interchangeability of one 
same "cut" taken from the same plate wi th another. I t has an irnpor_ 
mother cn stal, the COeffi cients are not [an t beari ng upon the COSt of adj usting 
alike. It j~, however, safe to sal' that qu artz pl a tes, since the c):tr:l time and 
the frt"ll uency varia tions per Centi- labor involved in ca libra ting one pl,He 
grade degree wil! average about 30 a t 51.7 degrees and the next at +B.J 
parts in a million with a possibility 01 degrees (for exa mple) is consider'lble. 
its bei ng as great as 75 or 100 parts in a Th e General Radio COJl1pan~' has es
million. The necessity for temperature rablished 50.0 degrees Centigrade as irs 
control where precision fre<]uenc? operating ternperaru re for standard 
standards an~ to be maintained is qu art!. plates. a ,-alue which is in ac
obvious. cord with those established 1)1' other 

Oil the ~Iuesrion of temperarure-con- :\ mericlIl labora tories, civil arid mili
trol methods there are diffo:rent poims tary. T his t~lllpemture is high enough 
of view taken by twO groups. One says: tu make possible t he 0Ftra rion of 
standardize on a definite operating temperatutt:-control equipmtnt in the 
temperature, maintain it as closel} as tropics without he.lt absorbers (re frig _ 
possible, and specifv the operating fre- eration). 
quene), of the quartz plate at t ha t When it became apparent two ~' ea rs 
temperature. The other group sa~'S: ago that <l uartz pla tes of high precision 
standardize on a nominal operati ng would be in dem and, the Gener al lh dio 
tempera ture 11MI' which the tempera- Company inves tigaTed the Tempera
ture is to be maintained, and relr upon ture-eoJltrol eq uipment t hat was aJ 
making adjustments in the fre<prcncr reacl\' on the market with a vicw t(J 
of the plate by challgo:s in its tempera- adapting it to meeT the following re
[ure. Control equipment to meet the quiremenrs ; (a) ability to mainTain the 
specifications of both groups should temperature to within on~_ or [\\ 0-

reduce \'ariarions in temperature to the tent hs of a Cen t igrade degree over a 
same minimum, bu t the SC(()lld group fair]~' wide vari a tion in room te mpera_ 
requires, in addition, a thermo-regula.- ture ; (6) absence of circul a ting air and 
tOr th a t ('an he readily adjusted to any ' ---
value in the neighborhood of the stand- • As distinguished from their use as conrrols in 

d oscillators where a maKimum ).IOweroutpu\ is one 
ar temperature. of the firsr considerarions . .'\\1 General R"dio 

The General Radio Com pany holds qu~rrl. plates ar~ intended for use only in low_ 
that with plates for frequenty stand- pawned o3dllatOr5. 

[5J 
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oil baths; (c) compactness; and (d) 
ease with which modifications for 
electrical connections could be made. 

I t mar be of interest to note that the 
range of permissible variations in room 
temperature is a most important fca. 
ture of anr temperature-control unit. 
Yet, strangel y enough, it is one of the 
specifications that is often overlooked. 
.At box which would control the temper· 
alOre to within one degree when the 
room-temperatu re variations were lim. 
ited (Q twO degrees might show an en· 
tirel\" different characteristic if rht! 
roon'l temperature were allowed to 
change with the weather. 

No commercial unit that met all of 
the fl!CJuirements being available, a 
development program was begun which 
has extended over an entire year, cnd_ 
ing with the design of the TVI'E 547-A 
and the T\'I''': 547-B Temperature. 
Control Boxes shown in Figures 1 and 
z, They are of the same construction, 
differing only in the type of thermo
regulators employed. 

Both boxes are encased in walnut 
cabinets within which arc arranged (in 

order): a balsa wood insulating layer. 
the heaters, an aluminum distrihuring 
layer, an asbestos pressboard aHenua_ 
tion layer, and a second casing of 
aluminum which forms the tempera. 
ture-controlled chamber. T he inner 
splice is 4 inches by 4 inches by 3~8 
inches deep, and in it are two sets of 
terminal blocks into which two T n>..: 
376 Quartz Plates Illay be plugged. A 
switch on the front of the bakelite panel 
allows a selection to be made. T he 
heaters are placed on all six faces of the 
outer aluminum casi ng, the aluminum 
tending to equalize the temperature 
over the surfaces and reduce the 
temperature gradient inside the con
trolled chamber. Heater current is 
supplied from any 110--voit main, 
either alternating_ or di rcct.current, 

Of special interest to those desiring 
temperature..control for use with Gen_ 
eral Radio piezO-electric oscill ators is 
the fact that the TYI>f. 54- Tempera
ture.Control Boxes arc intended to be 
mounted on top of them. The cabinet 
size is the same as that of the T YPE 275 
PiezO-Electric Oscillator and a special 

Fu;ul,E. 1. Tn'! s..-.A Temp!'f3. 
1U~_Control Box 
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onnecting bar is available for linking 
the two units. :\ slight modification in 
the T\"I'~: 375 Station Piezo.-Elecrric 
Oscillator adapts it for use with the 
new units in the same manner. 

On the front of the bakelite panel 
are mounted rheostats for cont rolli ng 
the amount of power delil·e,ed to the 
heaters. Depending upon their adju st
ment, the power delivered to the unit 
will range bt>t\\een 41 and 7' Watts. 

The Tn!'; q-_A Temperature_Con_ 
trol Box urilizr:5 a mercury -type of 
thermo-~gulator which may be ad
justed to uperate at any temperature 
hetween 40 degrees and 60 degrees 
Centigrade. Once the regulator has 
been adjusted, the temperarure of the 
air inside the dwmber is held to within 
=0. r degree Centigrade for a variation 
in room temperature of :I: 10 degrees 
Centigrade (:1: 11 degrees Fahren heit). 
This temperature ,'uriation in a quar[,L 
plate will keep the frequency of u 
piezO-electrk oscillator within limits 
satisfactory for practically all purposes. 
The thermo-regulator operates the 
heater circuit through the relay shown 
on the front of the panel, a six_vol t bat_ 
tery being required. 

Once the thermo-regulator in the 
Tn'E ~4i-.'\ Temperature_Control Box 
has heen adjusted to the desired value, 

FIGI:U 1. Tn'£ H7-R Temp.ou_ 
lure-Control Box 

the operating temperature cannot be 
changed without removing it from the 
inside of rhe box. Sometimes, as \\e 
have previously mentioned, it is de~ 
sired ro adjust the operating tempera_ 
ture while the unit is in operation. At a 
sacri fice in the degree of constancy with 
which the temperature is maintained, 
the THf. 547- B Tempera tllre~Control 
Box has been made available. 

It makes use of a bi-metallic thermo.
regulator that depends for its operation 
upon the unequal tcmperature-coeffi~ 
cients of two strips of metal. It is 
rugged enough so that it con trols the 
heater current directly without the 
necessity for a relay. which, of course, 
eliminates the need for th t: six~volt 
supply. 

The temperature Illay be adjusted to 
an r value between 40 degrees and 60 
degrees Centigr:lde, and the air within 
the chamber will remain within = 1.0 

degree Centigrade for a room tempera
ture variation of = 10 degrees Centi
grade (=11 degrees Fahrenheit) . This 
unit is recommended for use only 
where the ability to change the temper
ature while the unit is in operation is of 
importance. 

Both units are primaril y intended 
for operation near 50 degrees Centi
grade where the room temperature 
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variations occur around a meln uf ~o 
degrees Centigrade . InspeCtion of the 
aoove specifications might lead One to 

expect that good control of tempera
ture might oe ootained for an operating 
temperature of +0 degrees and a room 
temperanm.' of +0 degrees. That con
trol could be had under th iscondi tioll is 
improbable, and in locali t ies where the 
temperature of the rOOm might rise to 
+0 degrees Centigrade, the opera t ing 

tcmpera tu n: should be kept higher, 50 
degrees, if possible. 

--
The commercia1 data all these in_ 

strumentS are as follows: 
T \'PE 5+7-. .1, Temperature-Control Box. 

Code Word, IIURIS . Price ~150,oo. 
' I \'l' ~: 5+7-B Temperaturo.:-Control Box. 

Code Word, HUXO~1. Price $140.00. 
They will be ready fUl' deliver), on 

~ovember IS, 

,\ I rSCE L L.-\ :\"Y 

1~ )' T HE ED! i'QR 

W 'TH the September issue of 
the E.o:pfri 11lt!lller we enclosed a 
card which readers were asked 

to return if the\' wished to {'on tin uc on 
tht: mailing list', ,.1, lthough the percen t
age of rt:turned cards has oeen large, 
we feel tha t there are !;till some inter
t:sted readers who have neglected to 
return th~nl. If it is rour in tention to 
return the carc!, please do so at onl'e. 

.\fone of the changes requested on 
retu rned cards ha ve been made, and no 
names have as yet been d ropped from 
the list because no card was return~d. 
I t mav be of interest here to state that 
011 t h~ average of one card in everr 
four calls for a change in the address 
stencil. 

Should vou hal'C misl aid I'our return 
card , a letter or a post al card with tbe 
following in forma tion will replace it : 

(a) Your name and mailing address 
(printed fat the sake of legi_ 
bilit\') 

(b) Your business affil iation 

(c) T he kind of business in which 
~'our firm is engaged 

(d) 'four position 
(e) T he techn ical field in which I'OU 

afe p:l.r ticll iarly interested, 
I f rou can return the address label 
fr0111 the Experimentf'r mailing enve
lope, so muc h the better) inasmu ch as 
our files arc arranged alphabeti cally. 

T hese cards were sent out for the 
purpose o( correc t ing our mailing list 
and of removing from if those persons 
who are no longer interested in reading 
the General Radio E:rpcrilllefiter, The 
addition al in formation about each 
reader is being used to analyze the cir
cu lat ion so that the editor rna,' know 
the di ffcren t classes of rC:l.ders ro'r whom 
he is preparing material. 

CONTRI BUTORS 

.'\ 11 the mllterial (or thi s issue of the 
£.\'pt'rilllellter has been contributed bl· 
T he Editor. 

The General Radio Experimenter is published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatus manu
factured by the General Radio Company. It is 
sent without charge to interested persons, Re, 
quests should be addressed to the 

GENERAL RADIO COMPANY 
CAMBRIDGE A. MASSACH USETTS 

"U ,MORD pA!S .. 
C OP< CO"O 
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