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ELECTRICAL COMMUNICATIONS TECl-INIQUE 

AND ITS APPLICATIONS IN ALLl�D Fl�LDS 

WAVEFORM ERRORS IN 

THE MEASUREMENT OF POWER TRANSFORMER LOSSES 

LTHOUGH nearly every 
communicat�ons engineer 
has., at one time or anoth

'.:::::===:::.!: er, been concerned with 

perimental winding on the type of 
core which is to he used in the final 
product. From these mea urements 
the voltage per turn at the d irahle 

the design of pow
e r - up p ly equip
ment, he seldom 
con iders the re
sult of harmonic 
distortion at com
mercial power fre

qu n ie . Iro n

core circuit le
nients, however, 
are non-linear, and., 
while either voltage 
or current may he 
sinusoidal, both 
quant itie never 
are. 

In the de ign of 
ower transform

HARMONIC distortion is a phe

no:rnenon constantly dealt with by 

the con:un.unications engineer. It 

i by m.eans of di tortion in non

linear circuit elements that modu

lation, demodulation, and fre

quency multiplication are made 

possible. On the other hand, dis

tortion i one of the mo t ea ily 

neglected source of error in elec

trical measurements at conu:nuni.

cation frequencies. Experimenter 

readers will recall Mr. Thie en' 

discus ion of wavefor:in errors in 

filter ni.easurement published in 

the March, 1935, Experi1nente1·. 

The pre ent arti le discusses a 

imilar type of error in power 

tran f orni.er nl.easurements. 

operating p o i n t 

can be calculated, 
yielding a ha i 
f o r d termining 
the final w inding 
data. 

It l ne es ary 
that the perf orn1-

an.ce of thi e p ri
mental winding be 
determin d with a 

inu oidal voltag 
impressed on th 
coil, since the final 
design will he used 
on a ci rcuit of es-

entially sinu oi
dal voltage. 

ers one of the factor which mu t be 
taken into consideration is the mag
nitude of the no-load losses. These 
are commonly determined by mea -
urement with a wattmeter a a func
t ion. of th voltage applied to an ex-

Figure 1 (a show a im ple circuit 
for measuring the no-load lo by 
means of a wattmeter and a eries 
rheostat to reduce the line voltage. 
The results of a series of mea ure
ments made with this circuit on a 

FIT 
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WATT-
METER 

r'\.J [ (a) 

WATT-
METER 

""'"' v [ (b) 

FIGURE l. (a) Cir uit for mea uring the no
load loss of a power transformer u ing a erie 
rheostat to vary line voltage. (b) imilar cir-

1cuit using the VARIAC 

sample winding yielded the lower of 
the two curves hown in Figure 2-
When, however, a VARI AC, connect
ed as indicated in Figure 1 ( b) , was 
used to reduce the lin voltage, the 
upper curve of Figure 2 resulted. 

mce the lo e as mea ured when 
using th rh o tat were ome 50<j-o 
low r than tho e obtained us"ng the 
VARI AC th waveform of current 
and voltag in the two ir uit w re 
examined in ord r to determin which 
(if ither) of the ur e wa correct. 

To do thi the circuit of Figure 3 
wa t up. With the VARIAC and 
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FIGURE 2. Power loss curves obtained by 
measurement using the circuits of Figure 1. 

Note that the result differ by 50 % 

the rheo tat adjusted to give the same 
r-m-s voltage as read on the voltmeter 
V., the o cillogram of Figure 4 and 
Figure 5 were obtained. Figure 4 
shows the voltage and current when 
the V ARIAC was u ed. It will be 
noted that the voltage is sinusoidal 
and the urr nt, a a result of the 
non-linearity of the magnetization 
curve of the iron, is highly di torted, 
containing a large third harmonic. 
Similar oscillograms for the rheostat 
circuit (shown in Figure 5) " ndicate 

that both the current and voltage are 
non-sinusoidal. 

TYPE 714 -A 
AMPLIFIER 

v 

1 

TYPE 887-B 

~ 
CATHODE RAY 
OSCILLOGRAPH 

FIG RE 3. Circuit used to obtain the oscillograms of Figure 4 and Figure 5. The 0.05-ohm re
sistor upplies a voltage drop which is amplified to obtain the current wave shape 
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FIGURE 4. Voltage (upper) and current (lower) 
in the transformer primary when the V ARIA C 
i.s used. The voltage is sinusoidal and the 

current distorted 

The reason for this is obvious upon 
further consideration of the circuit. 
The non-sinusoidal current produces 
an IR drop of similar waveform in 
the rheostat I. Since the voltage illl
pressed on the transformer is the dif
ference of the sinusoidal line voltage 
and the distorted IR drop, thi volt
age must also be distorted. 

The net result as seen by the oscil-

FIGURE 5. Voltage (upper) and current (lower) 
when the rheostat is used. Both curves are 
non-sinusoidal and the current i lower than 

in Figure 5 

lograms is a considerably lower cur
rent when the rheostat is used. Both 
core loss and copper loss depend up .. 
on current., and the power consumed 
is therefore less than in the VARI AC 
arrangement. 

The V ARIAC, since it duplicates 
the desired operating condition. of 
sinusoidal line voltag ., gives the cor
rect result. 

� 
A NEW MODEL OF THE EDGERTON STROBOSCOPE 

A 
REDESIGN of the TYPE 548-A Ed
gerton Stroboscope has recently 

been lllade in order to incorporate 
certain illlprovements and to utilize 
a more modern rectifier tube, the 
83-type. Chief result of the redesign. 
is a greater range of :Hash speeds. The 
new lllodel, TYPE 548-B., can he used 
reliably at speeds slightly in excess 
of 200 per second. 

Other specifications are unchanged 
and the price remains at $290.00. 
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THE EDGERTON STROBOSCOPE 

S TROBOSCOPY in the industrial 

field has reached its present state 

of excellence largely through the 

efforts of Profe or Harold E. Ed

gerton of Mas achusett Institute 

of Technology. Professor Edgerton 

and Mr. Kenneth Germeshausen 

are responsible for the fundamental 

develop1nent underlying the three 

types of General Radio strobo

scopes. 

In addition to the Type 548-B 

Strol>oscope described herewith, the 

General Radio Company manufac

ture the Type 63 1-A Strobotac, a 

neon-lan1p in trument intended 

primarily for speed mea urements, 

and the Type 621 Edgerton Power 

Su·oboscope, a high - power instru

ment uitable for taking high

speed motion pictures in conjunc

tion with the Type 65 1-A Camera. 

T
HE TYPE 548-A Edgerton Strobo
scope, now approaching its third 

birthday, has already achieved a po i
tion of some importance in the indus
trial cene. 

The tudy of high-sp d motion 
which the de ign and maintenance of 
modern machin ry require can be 
satisfactorily mad only by the stroho-

scopic method. Th Edg rton Strobo
scope, becau e of its brilliant, short 
flash has readily found its way into 
fields where older types of st -obo
scopes were not acceptable., and it is 
used today in some part of the design 
or manufacture of machines, auto
mobile , engines, in truments., cam
era , electric motor ., metal product , 
and textiles. The fact that some 
twenty engineering schools and uni
versities are users of this instrument 
is further evidence of its utility in 
mechanical and electrical engineer
i.ng. 

The accompanying photographs., 
taken in the laboratories of the Emer
son Electric Manufacturing Com
pany, makers of motors, fans, and 
electrical specialties, are an excellent 
example of the use of the strobo cope 
in industry. For manufacturers of 
this type of p1·oduct, the trobo cope 

is no·t only a .means of laboratory tes t 
ing o n  new product but i s  a l  o the 
key to better design and more satis
factory performance. Emerson ngi
neers have found it the only atisf ac
tory method of determining the vi
bration. and distortion of fan blade 
and hubs. 

Photograpfu. Courtesy Emerson Manufacturing Company 
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TYPE 559-B NOISE METER 

ALTHOUGH heralded by ballyhoo 

which might have ruined a less 

hardy child, the cause of "noiso 

ahaten1ent," joint offspring of the 

social and the physical sciences, 

continues to :fiouri-h and shows dis

tinct promise of a long and useful 

career. 

In the factory, the offi e, and the 

store, noise reduction receives more 

and more attention as employer 

realize that noise t-akes its share of 

nervous energy with a consequent 

reduction in efficiency. Far less at

tention would be paid to critic of 

the machine age if its identifying 

characteristic were not the clatter 

and din of machinery. 

F
OR industrial noi e mea urement 
and noise - level surveys, the noise 

meter is the most convenient in tru
ment to use. It combines a reasonable 
a curacy with low co t, rugged con
struction, and portability. 

The TYPE 559-A Noise Meter, an
nounced in March, 1933, �+ wa one of 
the first low-priced noi e-mea uring 
instruments available. Its reference 
level was the average threshold of 
hearing at 1000 eye es, since thi level 
was used by many investigator at 
that time. It is only recently, how
ever, that there ha been any degre 
of standardization in this respect, and 
at pre ent the tendency seems to be to 
favor a reference level approximately 
7 db lower, which rep re en ts the 
thre hold of hearing for a per on 
whose hearing is unusually acute. 
This new reference level, a re o 
mended by the American Standard<> 
A ociation, is 10--1 watt per squar 
centimeter at 1000 cycle . 

•"Commercial ois Measurement," H. H. Scott, General 
Racli.o Experirnent:er, March, 1933. 

The actual refer nee level of a 

noi e meter is not particularly im
portant, inc the reading may be re
ferred to any desired level by merely 
adding or ubtracting a fixed number 

of decibels, but standardization i de-
irable ince it eliminate the nece -
ity of correction betw en different 

in trument . 
In order to promote standardiza

t ion in noi e measurements, the Gen
eral Radio Company i announcing a 

modified noise meter, known a TYPE 
5.59-B. This differs from the earlier 
model mainl in that the new ref er
ence level i u ed, with the result 
that, on any given sound, the new 
meter reads 7 db igher than th old 
o e. The over-all ensitivity ha abu 
been ·ncreased to the extent of 3 db. 
Accordingly, the new noi e meter 
cover the range from 34 db to 150 db 
above 10---16 watt per quare nti
nl.eter at 1000 cycle . User of th 
TYPE 559-A Noise Meter can, of 
cour e, comp are their r a dings with 
the new 1·ef erence level by mere] y 
adding 7 db. -H. H. SCOTT 

The de riptio:n. of the TYP 559-A 
oi e Meter publi hed in our curTent 

catalog applie , in all particulars ex
cept refer nee level and rang , to th 

n w mod l. The pri e r main un
changed at $190.00. 

www.americanradiohistory.com

www.americanradiohistory.com


6 THE GENERAL RADIO EXPERIMENTER 

USES OF THE V ARIAC 

T
o dete1·mine the market and appli

cations of the V ARIAC, we recent
ly made a survey of a small group of 

cu tomers. n the belief that they 

will be of interest to our readers, we 

are publi hing the results of this 
analysis. In view of the wide variety 
of uses reported, present owners may 
find sugge tions for increasing the 
usefulness of the VARI ACS they al

ready have, and others, not acquaint
ed with the versatility of the 
V ARIAC., may find a convenient so

lution to problems involving the con

trol of voltage. 

As a sample, a group of 100 in
voices for the VARI AC representing 

the late t 100 orders were taken from 
our files in chronological sequence, 
with no attempt at election. A letter 

was sent to each purchaser asking 
what use was made of the VARIAC. 
To the e 100 letters, 70 repl"es were 

received. All but 2 of these indicated, 

at least in general t rms, what use 
was being made of the instrument, 

and all but 7 listed pecific applica
tions. n analysis of these letters 
yield some 24 clas e of u ers and 

12 cl as ifications of u e. Actually, 96 

applications were listed, but many of 

them were · sted by more than one 
cu tomer. These tabulations are 

given below. 

USERS 
Electrical Manufacturing . . . . . . . . . . .. . . . 24 

Meters ......................... 2 

Appliances ..................... 2 
Motors . . . . . . . . .. . . . . . . . . . . . . . . . 1 
Controllers . ... . ... .... ... . . .. .. 2 
Trans£ ormers . . . . . . . . . . . . . . . .... 1 
Condensers, Resistors ........... 4 
Lamps and Vacuum Tube ...... 7 
Radio Receivers ................ 2 

Radio Transmitters . . . . . . . . . . . . . . 3 
Other Manufacturing . . . .. . ... .. . .. . . . .. 23 

Instruments . . . . . . . .. . . . .. . . . . . . . 8 
Machinery ....................... 4 
Glass . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Dental . . . . . . . . .. . . . . . . . . . . . . .. .. 1 
Chemical and Metallurgical ..... 6 
Petroleum Products . . • . . . . . . . . . . 3 

Educational Institu tions ................ 4 
Radio Broadcasting Stations . . . . . . . . . . . 3 
Photo Supply Dealers . . . . . . . . . . . . . . . . . . 3 
Electric Power Companies . . . . . . . . . . . . . 2 
Photographers ......................... 2 
Re earch Laboratories . . . . . . . . . . . . . . . . .. 5 

.Radio Service . . . . . . . . . . . . . . . . . . . . . . . . • 1 
Operating Communication Com•panie 1 
Motion Pictures . . . . . . . . . . . . . . . . . . . . . . . 2 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Total . . . .. . . . . . . . . ... . . . . . . . . . .  70 

USES 
Voltage control for testing electrical 

equipment . . . .. . .. . ... .. . . ... . .. .. . 20 
(Overload, over-voltage, and un· 
der-voltage tests on relays, 
switches, appliances, radio trans
mi tters, radio receivers, electrical 
instruments, etc.) 

Power-supply control for testing . ... 12 
( The V ARIAC is u ed in the pri· 

mary of a high-voltage trans· 
former.) 

Voltage adjustment on vacuum-tube 
equipment ......................... 14 

(Adjustment of grid bia , :filament 
voltage, plate voltage on radio 
transmitters, rectifiers, etc., also ex
hausting equipment in vacuum
tube manufacturing.) 

Voltage control in manufacturing 
proce e other than vacuum tube . . . 4 
Heat control in electric furnaces, oil 

baths electric heater , etc. . . . . . . . .. 12 
Illuminat ·on control in photography. 7 

(Used to adju t voltage supplied 
to enlargers, flood lights, etc.) 
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(7) GeneraJ laboratory use . . ... . . . . . . . 7 
(8) Manual adjustment of line voltage to 

constant value and to boost low vol-
tage . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

(9) Electric lamp life tests and demon-
strations. . . . . . . . . . . . . . . . . . . . . . . . . 4 

(10) To obtain a wide range of 60-cycle 
calibrating voltage . . . . . . . . . . . .. . . . . 4 

(11) lMotor speed control . . . . . . . . . . . . . . 3 
( 12) JMiscellaneous . . . . . . . . . . . . . . . . . . . . 6 

a. Demagnetizing iron. 
b. Avoid overload in experimen· 

tal circuits by increasing vol
tage gradually. 

c. Soldering iron-quick heating . 
d. Modulating voltage for trans· 

mitter tests. 
e. Regulate output of electro

therapentic equipment. 
f. Motion picture exci er lamp 

control. 

Total .......................... 96 

The users' classification shows that 
some 3370 of these 70 customers are 
engaged in electrical manufacturing 
and 317o in other branches of manu
facturing. 

The use classification tells us what 
these 6470 do with the VARI AC. 
Items (1) and (2), amounting to 33% 
of the total uses submitted, are in 
electrical testing, nearly all by manu
facturers. Items (4), (5), (11), and 
a portion of ( 3) are a part of manu
facturing processes, totaling 22%. 

Nearly every electrical product, 
whether intended for industrial or 
consumer use, must be tested above 
and below its normal operating volt
age, and accordingly we find that 
the largest individual item is ( 1) 
which covers this field. 

The most important single use of 

the VARI AC in the manufacturing 

process itself is the control of heat. 

Item (5), w ich covers both manu

facturing and laboratory heaters, i"" 

13 % of the totaL 
Grouping these items in another 

way, in 7070 of the uses, the primary 

object is the control of voltage; in 
3070 some other quantity, such as 
heat, illumination, or speed, is con
trolled by means of oltage. 

A third grouping can he made by 
separating the total in.to two main 
classes. In the first, the primary ob
ject is to vary voltage, in. the second, 
to hold it constant by manual ad
justment. While it is difficult to make 
an exact analysis from the data in the 
USES table, It appears that in. about 
7570 of the uses the voltage is varied, 
and in. 2570 i t  is held constant. 

While it i not evident from either 
of the above classifications, one addi
tion.al grouping might he made, a di
vi ion between those used by the pur
chaser and those built into equip
ment for resale. A large number of 
the V ARIACS used in radio trans
mitters and electrical controllers are 
u ed a an. integral part of larger as
semblies and resold. 

One of the most int resting aspects 
of the analysis was the diversity of use 
reported. Although the VARI AC has 
been on the market a relatively short 
time-our patent* on the prin iple hav
ing just recently been issued-the 
number of us li ted exceeds appreci
ably the number of replie received to 
our que tionnaire. In other words, he 
average number of applications per 
u er reporting was approximately 
1.4. Generalizations drawn from. lim
ited data are, of course, not conclu
sive, but the ready acceptance and 
wide range of usefulness of the 
V ARIAC, as indicated by the survey, 
undoubtedly predicts for the 
VARI AC an industrial career of con
siderable importance. 

• . S. Patent No. 2,009,013. 
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RELAY-RACK MOUNTING FOR THE ELECTRON 

OSCILLOGRAPH 

FoR the three branche of elec

trical engineering education, 

manufacturing, and re earch- the 

cathode-ray oscillograph has been 

a tool of inestimable value. Al

though the 1nerit of "ts high-iinpe

dance and pra tically inertia-less 

element has long been recognized 

by the research workers, it is only 

in the la t few years that modern 

va ·uum tube production and the 

siinplified de ign of linear-time

axis circuits have made it a erious 

competitor of the vibrating-element 

oscillograph. Recent papers on 

multi-element operation by means 

of commutation point the way to a 

still wider u e at conu:nercial power 

frequencies, as well as in the co.rn

munication field. 

To the :fields invaded by the elec

tron oscillograph, advertising must 

now be added. Although Braun 

would undoubtedly have had diffi

culty in visualizing any connection 

between his discovery and the D'lan

ly art of shaving, the cathode-ray 

o cillograph appears as a research 

tool in the current advertising of 

th illette afetyRazor Company. 

permits rear -of-panel interconnections. 
Many General Radio instruments 

are supp Ii d for r lay-rack mounting; 
oth r can be converted for rack 
mounting if desired. The TYPE 687-A 
Cathode-Ray 0 cillograph, not h re
tof ore available in rack mounting, 
has recently he n redesigned to f acil
itate this conver ion. 

he new models, TYPE 687-BM and 
TYPE 687-BR are identical in their 
electrical characteristics and speci
fication. with the TYPE 687-A in tru
men.t, and the changes consist mainly 
of a mechanical rearrangem nt of 
parts. The relay-rack model is not 
carri d in tock as such, but a cabinet 
model an be converted to rack 
mounting at the customer's reque t. 

Th prices given below are for 
. tandard models with fast-screen 
tubes. 

I 
th broadca-ting tation and the 

t e t lab orator , in fact in all perm a
n nt in tallation , r lay-rack-mount d 

equipm nt 1 wid ly u d. Thi 
type of mounting provide maximum 

acce sibility in a minimu1n pace and 

T pe 

687-BJ\f 

687-BR 

Cabinet Model ...................... . 

Rack Mod] . . . . . . . . . . . . . . . . . . . . . . . .  . 

Code Word 

CRISP 

LF 

GENERAL RADIO COMPANY 

30 State Street Cambridge A, Massachusetts 

Price 

184.00 
224.00 
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