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X 
OTHER communication n1eas

uremen t pr bleni. make its 
appearance when it i desired to 

detennine experi1nenta1l_ how much 
power a given power sour e is capable 
of delivering to a specified load or sink. 

o long as the source it elf i available 
for test, it is merely necessary to et 
up the equipment and make the mea -
ure1nents. If, however, the ource I 
not available some means ni.u t be 
f. und of simulating it. At least two 
meth ds for doing the job are avail
able, and we propose to de cribe them. 
Both are perfectly general: the 

cc " b b ·1 source may e a vacuum-tu e osc1 -
la tor or a microphone or an incon1ing 
transmission line; the "Joad" may be a 
loud-speaker or an att nuation net-

rk or an outgoing transmi ion line. 
There are only two restrictions: the 
"source" mus

.
t suppl a sinusoidal 

oltage, and the impedance of the 
.. load" must not depend upon the 
current in it. 

A generalized statement about net
work called The enin' Theoreni. gi e 
directly one of the n1ethods for setting 

*Thi i the second part of an article begun 
in the October i sue of the Experimenter. Al
though complete in it elf, this section depends 
upon the introduction preceding Part I. 

up a imulating ource. \Ve hall def. r 
stating it until later because it wiJJ 
simplify matters to set up a specific 
hypothetical problem, follow through. 
its solution, and with that as a basis 
tate the general law. Our discus ion 

must be under toad to be an attempt 

POWER 
SOURCE 

Frc RE 3 

to how that Thevenin's Theorem i 
plausible without trying to pro e it. 

Consider, for e ample, the load 
circuit ho n in Figure . It imped
ance at a given frequency is ZR; the 

oltage drop, urren t and ab orbed 
power which correspond to ZR are, 
re pecti ely ER IR and WR· Ina much 
as ZR is assumed to be independent of 
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IR' we can make the obvious statement 
that for any value of ZR, WR will de
pend only �pon the magnitude of ER 
(or of IR, since E and I are linked by 
Ohm's Law). 

No suppose that we want to de
termine experi1nentally how much 
power the load will absorb at different 
frequencies from a given power source 
which is not a ailable for the tests. 
What n1u t we do in order to set up a 
s1mulating ou rce ? \i\ e have j ust seen 
that the only wa a source can affect 
WR is to change ER. Therefore, all we 
need do to simulate the given ource is 
to make sure that, no n1atter what 
value ZR may assume (as a result of 
changing the test freq uency, for ex
ample) , ER for the simulating source 
is the sam.e as ER for the source itself. 
In other words, no power measure
ments on the load could tell us which 
of two sources was suppl ing power 
if the terminal volta ges (ER) of each 
were the same . 

Let us al o assume that the source 
to be sjmulated is an alternator which 
delivers a con tant voltage at its out
put terminals no matter what load is 
thrown upon it.* Because of a high
impedance line between the alternator 

E 

I;- LOAD 

FIGURE 4 

and its load term inals, the · oltage at 
the load terminals depends upon the 

ize of the load. This condition is repre
sented in Figure 4, where E is the volt
age of the alternator, G, and Z2 is the 

*An oscillator which could do e actly that 
wouJd be a curiosity, having, a we hall poin t 
out later, a negligible "internal impedance." 

in1pedance of the line. ER is therefore 
always less than E by E2, the voltage 
drop in Z2. In other words, WR depend 
upon Z2. 

Fro1n what has gone before, Z2 may 
be considered a part of a new load, Z' R, 
having an in1 pedance of Z2+ZR. The 
power delivered to this new load will, 
as before, be fixed if the voltage drop 
across it is fixed. The generator, G, 
delivers constant voltage under all 
conditions of load, a fact which enables 
us to build a simulating source. in e 
the load cannot distingui h between 
one generator and another if the im
pressed voltages are the ame, we can 
take any genera tor, main ta in its tern1i
nal voltage equal to E b manual 
adj ustment, and the power delivered 
to Z' R will be the same for both the 
actual and the simulating sources. 
Furthermore, the voltage drop in Z2 
will be the ame under both conditions, 
and the power delivered to ZR will be 
the same as though it were connected, 
to the original source. Therefore, we 
have shown that any generator con
nected in series with an impedance 
eq ual to Z2.will simulate this particular 
source, if the voltage at the generator 
terminal is maintained constant and 
equal to E. 

From the foregoing di cu ion we 
Jnay conclude that the pre ence of Z2, 
the internal im pedance for the given 
power source, i the reason why 
chan ges in the magnitude of ZR af
fect the terminal voltage ER. If Z2 is 
equal to zero, ER would be con tant 
and equal to E, the open-circuit volt age 
of the source; but if Z2 is not zero, then 
every decrease in the magnitude of ZR 
causes ER to be les than E b the 
voltage drop in Z2 =IRZ2. Furthermore, 

any generator or any source behaves as 
though it had no internal impedance 
if its terminal voltage is maintained 
constant. 

uppose that G were not a constant
voltage generator, or, in other words, 
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FIGURE 5. Two methods for simulating a power source when its open-circuit voltage E=IZ and its 
internal impedance Z are known. LEFT: Constant-voltage method. RIGHT: Constant-current method 

suppose that its terminal voltage E 
depended upon the amount of current 
taken by the load. Thi would, of 
course, indicate that somewhere ahead 
of its output terminals there existed an 
appreciable impedance. To simulate 
this new source we would proceed ex
actly as before: maintain the simulat
ing-genera tor voltage constant and 
equal to the open-circuit voltage of 
the source and connect in series with 
it an impedance equal to Zc+Z2, the 
sum of the internal impedance of G 
and the impedance of the intervening 
connecting wires. 

It is now time to discard all of our 
labored attempts at a simple and or
derly development to state the general 
law about which we spoke at the be
ginning of this section. It is a corollar 
of Thevenin's Theorem a theorem that 
is capable of a formal proof with which 
we shall not concern ourselves here. 
Thevenin' s Theorem per mi ts us to 

tate that any power source can be 
simulated (Figure 5) by a generator 
with a terminal voltage E connected in 
series with an impedance Z; E being 
equal to the no-load or open-circuit 

oltage of the source and Z being equal 

to the impedance of the source as seen 
from its output terminals. Thi can be 
verified experimentally for a simple 
source like the one we ha e been dis
cussing by connecting an oscillator to a 
load of adju table but known imped
ance and ob erving its terminal volt
age as a fun ti on of delivered power or 
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 � igure 
5 show the second simulating _method 
and although it does not follow direct!_ 
from Thevenin's Theorem, it can be 
shown to be en ti rel cons is tent with it. 
In the second method, constant cur
rent is m.aintained through the parallel 
circuit formed b Z, the impedance of 
the simulating source, and the load 
impedance; the constant current being 
such as to make the no-load voltage 
drop across the simulating impedance 
equivalent to the no-load voltage of 
the power source. If we can show that 
for any value of ZR the voltage ER is 
the same for both the constant-current 
and the constant-voltage methods, the 
two are equivalent. 
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I1nagine that both circuits are ter
minated in a load ZR: 

(a) for c n tant- oltage method, 

ER=IRZR= ZR= . ( E ) EZR 
z+zR z+zR' 

(b) for constant-current method, 

E -I( ZRZ )-E( ZRZ )- EZR 
J1 -

z+zR -z z+zR - z+zR· 

If the voltage of the source 1 non.
sinusoidal or the impedance of the 
load is non-linear (i.e., a function of 
current), pecial care must be used in 
applying these simulating method . 
The same care must be xercised when 
studying transient effects, since our 
discussion has been tacitly limited to 
the steadv-sta te con di ti on." 

A NON-POLAR RELAY 

F1G RE J _ TYPE 507-. Non-Pobr 
Relay, typical of both types 

X 
th

. 
eir name indicate, the new 

TY E 507 on-Polar Relay 
contain an armature that i not 

permanently magnetized. They do not, 
therefore, di tinguish between the two 
directions of current as does the TYPE 
4 I L w-Current Relay.* Their prin
cipal use is in cases where contacts of 
low current-carrying capacity must 
control heavier current , as in the TYPE 
547-A Temperature- ontrol Box. 

There are two of the new Non-Polar 
*C. T. Burke, " A 'ew Relay," General Radio 

Experimenter, III, February, J929. 

Relay , bearing the type nu1nber 
507-A and 07-B, re pectively. Their 
specifications are as follow , currents 
gi en corre ponding to posi ti e opera
tion in either vertical or h rizontal 
pos1 t1ons: 

TYPE 07-A on-Polar Relay. Cur
rent to close, ro mla. Current to open, 
6 mla. Resistance ( :±:: 5%), 250 ohms. 
Code �Tord, ITRE. Price $12.00. 

TYPE 507-B Ton-Polar Rel a. . Cur
rent to close, 2 ml a. Current to open, 
I n1la. Resistance ( :±:: 5%), 4000 ohm 
Code �1ord, NOBLE. Price '$15 .oo. 
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PIEZO-ELECTRIC 0 CILLATOR 

Q 
ARTZ plates for use as stand

ard of frequency in piezo
electric o cillator must be kept 
under temperature control if 

constanc of frequency is to be ex
pected. It is impossible to make a gen
eral statement about the frequency f 
such an oscillator a a function of the 
temperature of the plate because the 
frequency-temperature coefficient va
ries considerably with the wa_ the 
plate is cut. E en among plates of the 
same "cut" taken from the same 
mother crystal, the coefficients are not 
alike. It is, howe er, safe to say that 
the frequency variations per Centi
grade degree will average about 30 
parts in a million with a possibility of 
its being as great a 75 or 100 part in a 
million. The necessity for temperature 
control where pre 1s1on frequency 
standards are to be maintained is 
obvious. 

On the que tion of temperature-con
trol method there are different points 
of view taken by two group . One says: 
standardize on a definite operating 
temperature, maintain it a closely a 
possible, and specify the operating fre
quency of the quartz plate at that 
temperature. The other group says: 
standardize on a nominal perating 
temperature near which the tempera
ture is to be maintained, and rely upon 
making adjustments in the frequen y 
of the plate by changes in its tempera
ture. Control equipment to meet the 
specifications of both groups should 
reduce ariations in temperature to the 
same minimum, but the econd group 
requires, in addition, a thermo-regula
tor that can be readil adjusted to an_ 
value in the neighborhood of the stand
ard temperature. 

The General Radio Company hold 
that with plates for frequency stand-

arcls,* the temperature should be kept 
constant and all adjustment of fre
quenc made by the. u e of an adjust
able air-gap in the plate holder or by 
changes in the circuit constants of the 
o illator itself. This attitude has n1uch 
to recommend it from the point of view 
of both the manufacturer and the user 
of high-precision quartz plate , for it 
simplifi es the problem of constructing 
suitable temperature-control boxes and 
makes for interchangeabilit r of one 
plate with another. It has an impor
tant bearing upon the cost of adjusting 
quartz plates, since the extra time and 
labor involved in calibrating one plate 
at 5 r. 7 degree and the next at 48. 
degrees (for e ample) is considerable. 
The General Radio Company has es
tablished 50.0 degrees Centi grade as its 
operating temperature for standard 
quartz plates, a value whi h is in ac
cord with those e tabli hed by other 
American laboratories, civil and mili
tary. This temperature is high enough 
to make possible the OFeration of 
temperature- on trol equipment in the 
tropics without heat absorbers (refrig
eration). 

\i\ hen it became apparent two year 
ago that quartz plates of high preci ion 
would be in demand, the General Radio 
Company in estigat d the tempera
ture-control equipment that was al
ready on the market with a view to 
adapting it to meet the following re
quirements: (a) ability to maintain the 
temperatu re to within one- or t 
tenths of a Centigrade degree ove1· a 
fairly wide variation in room tempera
ture; (b) absence of circulating air and 

* distingui hed from their use as con trol in 
o cillators where a maximum power output is one 
of the first con iderations. 11 General Radio 
quartz plates are intended for use only in low
powered o_cillators. 

[5] 
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oil baths; (c) cornpactne s; and (d) 
ease with which modifications for 
electrical connection could be made. 

It ma . be of interest to note that the 
range of permissible variations in room 
temperature is a most important fea
ture of an temperature-control unit. 
Yet, strangely enough, it is one of the 
specifications that i often overlooked. 
A box which would control the temper
ature to within one degree when the 
room-temperature variations were lim
ited to two degrees might show an en
tirely different characteristic if the 
room temperature were allowed to 
change with the weather. 

No commercial unit that met all of 
the requirements being a ailable, a 
development program was begun which 
has extended over an entire year, end
ing with the design of the TYPE 54 7-A 
and the TYPE 547-B Temperature
Control Boxes shown in Figures I and 
2. They are of the same construction, 
differing only in the type of thermo
regulators employed. 

Both boxes are encased in walnut 
cabinet within which are arranged (in 

order): a bal a wood in ulating layer, 
the heaters, an aluminum distributing 
layer, an asbesto pressboard attenua
tion layer, and a second casing of 
aluminum which forms the tempera
ture-controlled chamber. The inner 
space is 4 inches by 4 inches b J� 
inche deep, and in it are two sets of 
terminal blocks into which two TYPE 
J76 Quartz Plates may be plugged. A 
switch on the front of the bakelite panel 
allows a selection to be made. The 
heaters are placed on all six face of the 
outer alu1ninum casing, the aluminum 
tending to equalize the temperature 
over the surface and reduce the 
temperature gradient in ide the con
trolled ch am her. Heater current is 
supplied from any I ro-volt main, 
either alternating- or direct-current. 

Of pecial interest to those desiring 
temperature-control for use with Gen
eral Radio piezo-electric oscillators i 
the fact that the TYPE 547 Tempera
ture-Control Boxes are intended to be 
mounted on top of them. The cabinet 
size is the same as that of the TYPE 27 5 
Piezo-Electric Oscillator and a special 

FIGURE I. TYPE 547-A Tempera
ture-Control Box 
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c nnecting bar is a ailable for linking 
the two units. A slight n1odification in 
the TYPE 37 5 tation Piezo-Electric 
0 cillator ada ts it for use with the 
new unit in the same manner. 

On the front of the bakelite panel 
are mounted rheostats for controlling 
the amount of power deli ered to the 
heaters. Depending upon their adjust
ment, the power delivered to the unit 
will range between 41 and 71 watts. 

The TYPE 547-A Temperature-Con
trol Box utilizes a n1ercury-t pe of 
thenno-regulator which may be ad
ju ted to operate at any temperature 
between 40 degree and 60 degrees 
Centigrade. Once the regulator has 
been adju ted, the temperature of the 
air inside the chan1ber is held to within 
::1=0.1 degree Centigrade for a variation 

in room tern per a ture of ='= 20 degrees 
Centigrade (='=I 1 degrees Fahrenheit). 
This temperature variation in a quartz 
plate will keep the frequency of a 
piezo-electric oscillator within limits 
satisfactory for practicall all purpo es. 
The thermo-regulator ope1:ates the 
heater circuit through the relay shown 
on the front of the panel, a six-volt bat
tery being required. 

nee the thermo-regulator in the 
TYPE 547-A Temperature-Control Box 
ha been adju ted to the desired value, 

Fie RE -· TYPE 547-B Tempera
ture-Control Box 

the operating temperature cannot be 
changed without removing it from the 
inside of the box. Sometime , a we 
have previous! mentioned, it is de
sired to adjust the operating tempera
ture while the unit is in operation. At a 
sacrifice in the degree of constanc with 
which the temperature is maintained, 
the T TPE 547-B Temperature-Control 
Box has been made available. 

It makes u e of a bi-metallic thenno
regulator that depends for its operation 
upon the unequal temperature-coeffi
cients of two strips of metal. It is 
rugged enough so that it controls the 
heater current directly without the 
necessity for a relay, which, of course, 
eliminates the need for the six- olt 
supply. 

The temperature may be adjusted to 
an value between 40 degrees and 60 
degrees Centigrade, and the air within 
the chamber will remain within ='=Lo 
degree Centi grade for a room tempera
ture variation of ± 20 degrees Centi
grade ( ='= r I degrees Fahrenheit). Th is 
unit is recommended for use only 
where the abilit to change the temper
a tu re while the unit is in opera ti on is of 
importance. 

Both units are primarily intended 
for operation near 50 degrees Centi
grade where the room temperature 
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variations o cur around a mean of 20 
degrees Centigrade. Inspection of the 
above specifications n1ight lead one to 
e pect that good control of tempera
ture might be obtained for an operating 
temperature of 40 degrees and a room 
temperature of 40 degrees. That con
trol could be had under this condition is 
improbable, and in localities where the 
temperature of the room might rise to 
+o degrees Centigrade the operating 

ten1perature should be kept higher, 50 
degree , if po sible. 

The c mn1er i al data on these in
strument are a follow : 
TYPE 547-A Temperature-Control Box. 

Code \Vord, B RLY. Pri e $150.00. 
YPE 547-B Temperature-Control Box. 
Code Word, BUXOM. Price 140.00. 
They will be read for deli very on 

o ember 15. 

�1 ISCELL.A.N 

GJ3y THE Enr r R 

W
ITH the epten1ber issue of 
the Experin1enta· we enclosed a 
card which readers were asked 

to return if the wished to continue on 
the mailing list-. _L\1 though the percent
age of returned cards has been large, 
we feel that there are still some inter
e ted readers who have neglected to 
return the1n. If it is your intention to 
return the card, plea e do so at once. 

None of the changes requested on 
returned cards have been m.ade, and no 
names have as yet been dropped from 
the list because no card was returned. 
It may be of interest here to state that 
on the average of one card in ever 
four calls for a change in the address 
stencil. 

Should you have mislaid your return 
card, a letter or a po tal card with the 
following information will replace it : 

(a) Your name and mailing address 
(printed for the sake of legi
bility) 

(b) Your bu ines affiliation 

(c) The kind of business in which 
your firm is engaged 

( d) Your position 
( e) The technical field in which you 

are particularl, interested. 
If you can return the address label 
from the Experimenter mailing env -
lope, so much the better, inasmuch as 
our files are arranged alphabetically. 

These cards were sent out for the 
purpose of cor recting our mailing list 
and of re mo ing from it tho e person 
who are no Jonger intere ted in reading 
the General Radio Experimenter. The 
additional information about each 
reader is being used to analyze the cir
culation so that the editor ma know 
the different classes of readers f, r whom 
he is preparing inaterial. 

CONTRIBUTORS 

.1.L\ll th material for this issue of the 
Experimenter has been contributed b 
The Editor. 

The General Radio Experimenter is published 
monthly to furnish useful information about the 
radio and electrical laboratory a pparatus 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, MASSACHUSETTS 

RUM FORD PRESS 
CONCORD 
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