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The Last Word In Transformers

The Pacent

Super-Audioformer

We announce the “giant brother” of our
No. 26 audioformer—the Pacent No. 27
Super-Audioformer. A man-size trans-
former for a man-size job, the result of
several years’ experience and engineering
research.

The ratio is 3 to 1—being high enough
for energy amplification of 500 to 1 per
audio step (using 201-A tube or equiva-
lent) and yet low enough so that higher
frequencies are not distorted. Uniform
amplification down to 100 cycles and up
to 8000 cycles.

Especially designed with power amplifi-
cation requirements in mind, with insula-
tion to stand plate potentials up to 500
volts.

Characteristic Pacent solidity, rugged-
ness of construction, and neatness of appear-
ance. Shipped in all standard types.
MANUFACTURERS OF BETTER SETS—

We have the right transformer for you.
Manufacturers, Jobbers and Dealers
WIRE OR WRITE FOR PARTICULARS.

Pacent

> I s 0 . )
%IlgIIIEI 0 %cluments

THIS SOCKET WILL TAKE

UV 200 UX 112 UX 200
UV 201 UX 120 UX 210
TV 201-A UX 199 UX 216-B
WD 12 UX 201-A

OV 199 (with Pacent No. 20 Adapter)
C 199 (with Iacent No. 20 Adapter)

Also new types to come.

Pending

— @3

The Last Word In Sockets

The Pacent

Universal Socket

No need to worry about the change in
radio tube bases. Pacent progressiveness
and forethought have resulted in the devel-
opment of this UNIVERSAL SOCKET
to give you an interchangeaole tube holder.
It will take the new X tvpe tubes as well
as the old standard U. V. and C types.
(Excepting old 199 types, which require
Pacent No. 20 Adapter.)

The socket being, with the exception of
its metal parts, entirely of Isolantite, negli-
gible dielectric losses and negligible capacity
effect between plate and grid naturally
follow.

One piece phospher bronze contact mem-
bers, with exclusive Pacent self cleaning,
side wiping contact for each tube prong.

Supplied in popular mounting type and
also for mounting on sub-panels.

MANUFACTURERS OF BETTER SETS—

We have the right socket for you.

Manufacturers, Jobbers and Dealers
WIRE OR WRITE FOR PARTICULARS.

Do you know about the PACENT TRUE
STRAIGHT LINE FREQUENCY CONDENSER?

Do you know about the PACENT MICRO-

VERN?

PACENT ELECTRIC CO.,,Inc., 91 Seventh Ave., New York City

OFFICES: CHICAGO—MINNEAPOLIS—BUFFALO—BOSTON—PHILA.—WASH., D. C.—SAN FRANCISCO—ST, LOUIS—PITTSBURGH
JACKSONVILLE—DETROIT—CANADIAN LICENSEE—WHITE RADIO LTD., HAMILTON, ONTARIO

A H DONT ITMPROVISE — PACENTIZE' w
\\ g .
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Look What These Cooke
Trained Men Are Earning

Makes $700in24
| Days in Radio
““Thanks to your interesting
§ Course I made over $700 in 24
days in Radio. Of course, this
is a little above the average
but I run from $10 to 840 clear
profit every day, so you can
see what your training has
done for me.”*

FEED G. McNABB, 848 Spring St., Atlanta, Georzia

] $70to$80a
week sor Jacquot

“Now I am specializing in
Auto Electricity and battery
work and make from $70 to
$80 a week and am just getting
started. Idon't believethere
is another school in the world
like yours. Your lessons are
~ a real joy to study.”

ROBERT JACQUOT, 2005 W. Colorado Ave,

Colorado Springs, Colo.

$20 a Day for
Schreck

*Use my nameas a reference
and depend on me as a boost-
er. The biggest thing 1 ever
did was answer your adver-
tisement. | am averaging bet-
N ter than $500 a month_from
my own business now. [ used
to make $18.00 a week.”

A, SCHRECK, Phoenix. Arizona

Plant Engineer—
Pay raised 1509

“Iwas a dumbbell in electric-
ity until I got in touch with
you Mr. Cooke, but now I
have charge of a big plant in-
cluding 600 motors and direct
a force of 34 men—electri-
cians, helpers, etc. My salary
has gone up morethan 150%."

big Calumet Road,
outfits

Holyoke, Maasa.
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‘ ic Cooke Trained Man is
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no extraé%,&iz .
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>"Tt’s a shame for youtoearn $15 or $20 or $30
aweek, when in the same sixdays as an Elec-
trical Expert you could make$70t0$200—and
do it easier—not work half so hard. Whythen
remain in the small-pay game, in a line of work that offers no chance,
no big promotion, no big income? Fit yourself for a real job in the
great electrical industry. I'l show you how.

Be an Electrical Expert
Earn $3,500 to $10,000 a Year

Today even the ordinary Electrician—the “screw driver” kind—is making money—Dbig
money. But it's the trained man—the man who knows the whys and wherefores of
Electricity—theElectrical Expert—whois picked out to “boss”the ordinary Electricians
—_to boss the Big Jobs—the jobs that pay $3,500 to $10,000 a Year. Get inline for one
of these“Big Jobs.” Start by enrolling now for my easily learned, quickly grasped, right-
up-to-the-minute, Spare-Time Home-Study Course in Practical Electricity.
Get Started Now=—Mail Coupon
Age orNL:cl;‘r:f”E:cp;r‘ence I want to serd my L.L. Cooke.‘éhief Engineer

Electrical Booioun nd . & .
Youdon’t have to be aCollege Man; youdon't have Chicago Engineering

Proof Lessons, both

to be a HighSchool Graduate. AsChief Engineer of :’o"t‘hiz'&“s".‘:’? b0 Works
theChicaro Engineering Works, I knowexactlythe you'll enjoy 2150 Lawrence Ave.,

kind of training_you need,and I will give you that
training. My Course in Electricity is simple,
thorough and complete and offers every man, re-
gardless of nge, education, or previous experience, the
chance to become, in a very short time, an*'Electrical Ex-
pert.”” able to make from $70 to $200 a week.

No Extra Charge for Electrical
Working Outfit
With me, youdopractical work—athome. Youstart
right in after your first few lessons to work at your
profession in the regular way and make extra money ia
your spare time. For this you need tools, and 1 give thera
to you—b6 big complete working outfits,with toois, measur-
ing instrumsents, and a real electric motor—>5 outfits in all.

Your Satisfaction Guaranteed
Sosure am I that you can learn Electricity—so sure am {
that afterstudymr with me, you, too, can \tetmto the “"big
money"* class in electrical work, that B will guarantee un-
der bond toreturn every single penny paid me in toition.if,
when you have finished my Course, you are not satisfied ®
was the best investment you ever made. | And back of ma

them. Make the

Dept.216
start today fora

a bright future Chicago
inElectricity.

Send in

Coupon=—

NOW

in my guarantee, stands the Chicago Engineer-

hluz Works, Inc..atwo mill‘;on;iollmhi:dslimtio?. L'[;‘;S(;?GKE' ‘;’rl?:mzl?a;
thus assuring toevery stvdentenroi notoniy & A

a wonderfut training in Electricity, but an uo- MAIL 2150 Lawrence ‘‘Big-Pay”
surpassed Student Service as well. & Ave., Chicago Mean

COUPON
FOR MY '

Send meat once without obligation
your big illustrated book and com-
& plete details of your Home Study
Course in Electricity, including your
outfit and employment service offers.
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A NEW ELECTRICAL LIBRARY

for ambitious electrical men

This new library has been specially prepared for ambitious electrical men who wish to go ahead and prepare
themselves for the bigger, better and more advanced positions in the electrical field. [t has been written by Terrell

Croft, the country's foremost writer on practical electricity.

The six books are:

Vol. [.—Conduit Wiring Vol. IV.—Lighting Circuits and Switches
Vol. Il.—Alternating-Current Armature Winding Vol. V.—Circuit Troubles and Testing
Vol. 11l,—Electrical Machinery and Control Diagrams Vol. VI.—Electrical-Machinerv Erection

Examine this new, practical pay-raising set for 10 days FREE.

AMERICAN ELECTRICIANS’ LIBRARY

Six volumes—over 2000 pages—fully illustrated—special, durable library binding—$2.00 in ten duys and $2.00

monthly for

The six volumes of AMERICAN ELECTRICIANS' LIBRARY
bring you step-by-step directions for the installation of every
type of conduit wiring job; they tell you just how to handle
every kind of lighting circuit and switch job; they give you
stunts for saving time on maintenance routine; they give you
usable tips on electrical machinery erection; they offer you
practical, clear explanations of all kinds of A.C. armature
winding jobs; they bring you a thousand armature winding and
electrical machinery and control diagrams; they show you the
surest, quickest methods of locating and remedying circuit
troubles. They cover a thousand and one problems that you
have to face daily They give you the kind of practical job
information that has made all of the Croft books famous. They
are hooks of useful hows and whys and wherefores for wiremen,

Six reasons why you should examine

this new library FREE

1—This library is made up of the latest electrical baoks, presenting the
latest data on circaits, circuit troubles and tesring armature winding.
clectrical machinery erection, control and mainteninee and  wiring
problems generally.

2—1It offers you nearsly a thousand wiring diagrams—many
available anywhere else in such convenient form.

I—It gives vou step-by-step. practical information on pretty nearly every
phase of electrical wiring and connecting.

4—1¢ interprets and explains National Electrical Code rules in cach -case
as they apply.

§5—1It shows diagrams and gives descriptions of many complicated cirenits
amd control methods, many special wiring problems and many unusual
armature winding problems for which experienced electricians are
constantly looking.

6—It shows how to locate circuit troubles quickly and surely and how
hest to remedy them.

Over 1000 wiring diagrams you need

The thousand wiring diagrams in these six books are alone®*worth the
price of the entire library to any practical electrician.  Many of these
diagrams are unobtainable elsewhere; many more are very hard to get
from any other source; all of them are much clearer and more helpful
than most wiring diagrams available. These wiring diagrams a one make
Croft's AMERICAN ELECTRICIANS' LIBRARY a great set of books,

»f them not

are over a thonsand diagrams in these six books, ‘neluding:

There
300 conduit wiring diagrams.
9 single-phase armature winding diagrams.
52 two-phase armature winding diagrams.
100 three-phase armature winding diagrams.
570 electrical machinery and control wiring diagrams. .
300 lighting circuit diagrams, and a number of other speeial diagrams.

Free examination — no money down —
small monthly payments
Just let us know that you would like to look at this new practical, pay-

raising electrical library., No obligation to purchase.  Fxamination s
free. Mail just this couponl

seven months

trouble shooters, armature winders, electrical maintenance men
and electrical contractors,

The publication of this hbrary is without question the biggest
publishing event of the year in the field of electrical books. In
it you get the helpful detailed information you need every day
on the job if you are concerned in any way with electrical wiring
work. Even special problems like theatre lighting—conduit
wiring in glue houses, in cold storage plants, in dry kilns—
determination of insulation resistance, etc, are thoroughly cov-
ered. And all the common methods, practices, troubles and
remedies in circuits are explained and described in detail.
Nearly a thousand good-sized wiring diagrams—many of them

such convenient form—are

in

not available anvwhere rlse
included.

Reemicows’ b T b e
UBRARY | Lngay | ,

Examine the AM
MER
HETRICIANS LlBRAilcél;{REE

AT
TG Lacricyr

S —

Cowpusr

W CumneNT -lGHTING
IRINE AdaTURE _“‘E‘vm "’I-I'I?JCBGNI‘:W.
—_— . Dugnaes SwiTcHES Co.: tnes
TR e 370 Seventh
Avenue,
New York.

Gentleinen—Please send
me  the American  Elec-
tricians' Libra (shipping
charges prepaid), ?(,)r 10 davs’
tree exaunination. If satisfactory,
T will send $2.00 in ten days and
$2.00 per month until $16.00 has been
paid. Tf not wanted, T will write you for
retirn shipping instructions,  (Write plainly
and fE in all lines.)

° Nante

o® Address. .
Position . ..
Company ...

S eossteosenauseas

Exp. 9-1--5; :

]
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THE EXPERIMENTER READERS’ BUREAU

Time and Postage Saver

N every issue of THE EXPERI-

MENTER you- undoubtedly see
numerous articles advertised about
which you would like to have further
information.
To sit down and write an individual
letter to each of these respective con-
cerns, regarding the article on which
you desire information, would be quite
a task.
As a special service to our readers, we
will write the letters for you, thus sav-
ing your time and money.
Just write the names of the products
about which you want information,
and to avoid error, the addresses of the
manufacturers, on the coupon below
and mail it to us.

If the advertiser requires any money
or stamps to be sent to pay the mailing
charges on his catalogue or descriptive
literature, please be sure to enclose the
correct amount with the coupon.

We will transmit to the various adver-
tisers your request for information on
their products.

This service will appear regularly
everv month on this same page in
THE EXPERIMENTER.

If there is any Manufacturer not ad-
vertising in this month’s issue of
THE EXPERIMENTER from
whom you would like to receive lit-
erature, write his name, address and
the product in the special section of
the coupon below.

s TEAR ALONG THIS LINE -

READERS’ SERVICE BUREAU,
Experimenter Publishing Co., Inc., 53 Park Place, New York, N. Y.

Please advise the firms listed below that I would like to receive detailed information on their

product as advertised in the........................ issue of THE EXPERIMENTER.

NAME

ADDRESS
(Street—City-—State)

List here specific article on
which you wish literature.

1f Catalogue
of complete
line is wanted
check in this
column.

Use this space if you desire information from a manufacturer whose advertisement does not appear in this month’s issue.

NAME ADDRESS
(Street — City — State)
YOUT MAMIE . et e enn Dealer’s name ........oooiviiieeeeeeeeeeneee.
Your address.......oooeomeieeeeeeeee e His address................
[ Mo are adealer e State............... City e State......cooeeennn.

-y
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To Practical Men and Electrical ‘Students:

[

Yorke Burgess, founder and head of the famous
electrical school bearing his name, has prepared
a pocket-size note book especially for the practical
man and those who are taking up the study of
electricity. It contains drawings and diagrams of
electrical machinery and connections, over two
hundred formulas for calculations, and problems
worked out showing how the formulas are used.
This data is taken from his personal note book,
which was made while on different kinds of work,
and it will be found of value to anyone engaged
in the electrical business.

The drawings of connections for electrical appa-
ratus include Motor Starters and Starting Boxes,
Overload and Underload Release Boxes, Revers-
ible Types, Elevator Controllers, Tank Controllers,
Starters for Printing Press Motors, Automatic
Controllers, Variable Field Type, Controllers for
Mine Locomotives, Street Car Controllers, Connec-
tions for reversing Switches, Motor and Dynamo
Rules and Rules for Speed Regulation. Also,
Connections for Induction Motors and Starters,
Delta and Star Connections and Connections for
Auto Transformers, and Transformers for Lighting
and Power Purposes. The drawings also show all
kinds of lighting circuits, including special controls
where Three and Four Way Switches are used.

The work on Calculations consists of Simple

THE McCLURE PUBLISHING CO.

Electrical Mathematics, Electrical Units, Electrical
Connections, Calculating Unknown Resistances,
Calculation of Current in Branches of Parallel
Circuits, How to Figure Weight of Wire, Wire
Gauge Rules, Ohm’'s Law, Watt's Law, Informa-
tion regarding Wire used for Electrical Pur-
poses, Wire Calculations, Wiring Calculations,
[llumination Calculations, Shunt Instruments and
How to Calculate Resistance of Shunts, Power
Calculations, Efficiency Calculations, Measuring
Unknown Resistances, Dynamo and Dynamo
Troubles, Motors and Motor Troubles, and Calcu-
lating Size of Pulleys.

Also Alternating Current Calculations in finding
Impedance, Reactance, Inductance, Frequency,
Alternations, Speed of Alternators and Motors,
Number of Pcles in Alternators or Motors, Con-
ductance, Susceptance, Admittance, Angle of Lag
and Power Factor, and formulas for use with Line
Transformers.

The book, called the ‘Burgess Blue Book,” is
published and sold by us for one dollar ($1.00)
per copy, postpaid. If you wish one of the books,
send us your order with a dollar bill, check or
money order. We know the value of the book
and can guarantee its satisfaction to you by return-
ing your money if you decide not to keep it after
having had it for five days.

Dept. CB-720 Cass St.,, CHICAGO, ILLINOIS
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Noted Instructor, Lecturer and
Author. Formerly Treasurer Am

Experimental Equipment
Furnished to Every Student

We pire to every student without additlonal charge this
chemteal equipment, including forty-nine pieces of labora-
tory apparatus and supplies, 1 forty ditferent chemicals
and reagents. These comprise the apparatus and chemicals
used for the experlmental work of the course. The fitted
heary wooden box serves not only as a case for the outtit
but alse as a useful liboratory accessory for performing
countless experiments.

CHEMICAL INSTITUTE
OF NEW YORK, Inc.

Home Extension Divislon 9
66-X—WEST BROADWAY NEW YORK CITY

TREASURE

can still be found in

CHEMISTRY /|

Good Chemists Command High Salaries

and you can make yourself [what Some of Our_
independent for life by un- |Students Say of This
earthing one of chemistry’s | e e et o v v
yet undiscovered secrets. e e b o il ot

- way in which they are written malkes me wsit
Do you remember how the tales of pirate gold used to fire e e e o R LA S "Cots
your imagination and make you want to sail the uncharted ENS.
. H - ? d tt i 1 wish to express my appreclation of your
re? And then you
seas in search of ”easu.le and adventure A ¥ )‘ prompt reply to iy letter and to the recom-
would regret that such things were no longer done. But that mendation to the General Eleetrle Co. 1 in-
[~ H H . — P S tend to start the student englneering course &t
1S a ml.slake. They."'f done !Pdﬂy and ey e.ryday notgom tlte works. Thils s somewhat along electrieal
desert islands, but in the chemical laboratories throughout lines, but the fact that T liid a_ recommends-
. i . . on from a reliable school no doubt a enn-
your own country. Quietly, systematically, the chemist works. siderahle influence in helping me to secure the
His work is difheult, but more adventurous than the blood- Jubd e V’A“ gh\ﬂ"‘s'l":-\- leased with
. . . . o k ¥ e 7 A
curdling deeds of the Spanish Main. Instead of meeting an | ot course UL LY G S TN
early and violent death on some forgotten shore, he gathers %roll)‘tka‘glrﬁ:uor graduate this year.—J. M.
T. O'CONOR SLOANE, wealth and honor through his invaluable contributions to hu- Tifinalsonsicoursslexcellentiana sotelnstone.

AB. AM.,LLD., Ph.D. manity. Alfred Nobel, the Swedish chemist who invented | tion. truthfully, the clearest and bLest assem-
dynamite, made so many millions that the income alone from one I've studied —J A MES J.° KELLY.

2?.‘:3:";"‘;‘.‘.}.s°§,‘:.'.”":?;;\"‘::2&1’ his bequests provides five $40,000 prizes every year for the poFrom the time I was haring Chemlstey it

achlevements to his credit. Not ndvnm;emeut of science and peace. C. M Hall, the c})er.mst ,::;;“_""l",,,l,',"','.'“:,'.',‘.‘,’..‘.s.fx'::?;n;%..wm';’.-'u‘:lynsm“n:;

palysbes D"-Sb‘“‘;: Pkt chemiss who discovered how to manufacture aluminum made millions friend<, and urging them to_bheenme members

try for years but he was for m 'l . N . of such an organization —CHARLES BEN-
yoars u;ngnz;d in commercia/ through this discovery. F. G. Cottrell, who devised a valu- JAMIN.
mistry work. . .

oo able process for recovering the waste from flue gases, James T shall always recommend sour schonl to my

H frlends and let them know how simple your lcs

Gayley, who showed how to save enormous losses in steel o ey e DAL S

manufacture, L. H. Baekeland, who invented Bakelite—these I am more than pleased. You dig right in
are only a few of the men 1o whom fortunes have come [ (rom the start. 1 am woing 1o get stmenhera
through their chemical achievements. you.—A. A. CAMERON.

BURIED

Course:

anticipations, Since 1 have beeo studying with

ash by proximate analysls. The lessons are
helping me wonderfully, and the interesting

bled 1 have ever taken. und yours is the fifth

with thls course. 1 am so glad that 1 found
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more thorough 1han most text books | can

Now ls the Time to -“:K"‘r::;l.kl‘v::‘_;‘ozl.r:l:'w“l:rs.lm,sons. whieh T find

. not only clear and concise, but wonderfully

Stud ‘ hemlstr interesting. I am- -ROLBT, H. TRAYLOR
y y I received employment in the Consolidated

Gas,l l.‘or J uoplwcllute' very much the good

Not only sre there boundless opportunities for amassing service of the school when a recommendation

wenith in Chemistry, but the profession afTords congenial Was asked for.—I0X. DECKER,
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Special 30 Day Offer
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A Million Dollars for An Idea

By Hugo Gernsback

“An ounce of experimenting is worth a pound of theorizing”

pA| LSEVWHERE in this issue we are publishing an
i intensely interesting document, that every experi-
menter should read and reread as often as he finds
time to do so. 1t shows how it paid one young
man to do a little original thinking, a little original
experimenting. and how, finally, one of our great industrial
corporations thought it wise to pay him a fortune for an idea
so ridiculously simple chat the event staggers the imagination.

As the writer has mentioned many, many times in his writ-
ings, it 1s not the invention involving a complicated and far-
fetched idea that always counts. Rather, it is the simple thing
which, if it is in demand and is good, usually wins out. This
has shown itself to be true a great many times in the past.
Notable examples of simplicity are the safety pin, the metal
bottle-cap, the pencil eraser, the fountain pen, the magazine
pencil, and dozens of others, all of which have made fortunes
for their exploiters.

The Spencer Thermostatic control described elsewhere in
this issue is no exception to the list.  Spencer, when a vouth,
noticed a boiler door, part of which snapped in and out under
the influence of the heat, acting like the bottom of an oil can.
which snaps in under the influence of pressure applied and
springs back when released. There was nothing new to the
principle, as it had been observed hundreds and thousands of
times.  Millions of mechanics have operated oil cans with
spring bottoms for many vears, but not one of them stopped
to think what it was all about. Spencer applied his analytical,
as well as thinking, mind to the problem and found that here
indeed was a device that would hold great promise if properly
worked out.

He also knew that there was a big market for electrical
contacting make-and-break devices, that under a certain varia-
tion in heat would become operative. While all of this sounds
simple, it took the experimenter many months of patient labor
to find out all about the snapping contact. and while the final
product looks simple, nevertheless a good deal of experimental
work had to be done in order to get the desired results. Here
again the experimenter emerged triumphant. and we now have
to thank Nr. Spencer for a really wonderful electrical device
of great simplicity that becomes operative under practically
any desired degree of heat change. by which the contact can
be either made or broken as desired for different purposes,

All this sounds very crude and easy. vet evidently it is not
so, because. if it were. the device would have been in use long
ere this. It will be noticed that in this series of evperiments
there are a number of features which we should contemplate
thoughtfully.

First, there was a principle. well known by evervone—
namely, the snapping bottom of an oil can.

Second. there was the same principle. where the pressure of
the hand or thumb was replaced by heat.

Third. there was the original idea of putting to use one or
both of the two familiar principles, by applving them to elec-

trical devices for heat regulation, for which there was a great
need. Not evervone knew that under the action of heat any oil
can bottom would snap into a different position. Some few
probably had noticed this, but paid no attention to it. It will
therefore he seen that there are three important points in the
problem which had to be correlated before the experiment be-
came a success,

The same thing is probably true of most inventions and most
experiments that have proven successful. There are hundreds
and thousands of simplc and well-known phenomena all around
us that every one of us notices day in and day out. How these
phenomena or principles will act if heat, cold, light, sound,
electrical current, or other agencies are brought to bear upon
them may make all the difference in the world. This is also
well known, but comparatively few people pay much attention
to such things.

How many people ever take into consideration the expan-
sion and contraction of practically every material we know
under the influence of heat and cold? Evervone knows that,
with few exceptions, all metals expand a good deal under the
influence of heat. and centract under the influence of cold, but
how many experimenters ever stop to think that this property
can be used in dozens of different wavs, some one of which
may be worth a million dollars or more if there is a great use
for it? g

There is a surprisingiv large number of appliances and in-
struments made in which the makers never have paid the
slightest attention to the contraction and expansion of mate-
rials, although its influence upon the device may be tremen-
dous. Take, for instance, the ordinary loud speaker, as used
for radio purposes. The casing is usually of some metal. and
the thin diaphragm. measuring from .007 to .01 inch think.
is also metal. Now then, in loud speakers, as we all know,
we find that a difference of .002 inch more or less between
pole picces and diaphragm makes a tremendous difference in
the quality of operation of a loud speaker. Yet. temperature
differences are enough to count more than this .002 of an inch,
so that on a hot day the loud speaker will work entirely dif
ferently from what it does on a cold day. Some manufac-
turers have tried to get around this trouble by making the
loud speaker adjustable. usually by moving the pole pieces up
or down, so that the user can find the best point. but how many
people have ever thought of having the compensation right in
the diaphragm itself. <o that no regulation would be necessary
if the temperature changes? Here is an idea that might he
worked out with good results by anv first-class experimenter.

As Spencer found out in his thermostat, two different pieces
of metal, when welded or attached together. will curve sur-
prisingly under the influence of heat and cold. but how many
people know that when the compound metal strip begins to
curve a tremendous amount of force is also let loose? The
inventive experimenter cauld find many ways of utilizing this
force.

Mr. Hugo Gernsback speaks every Monday at 9 P. M. from Station WRNY on various radio and scientific subjects.
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A Million~Dollar Invenhon

This electric flat-iron Is provided with s Spencer disc thermostat for which the inventor
recelved $1.000,000. The convex dise (A\) is made of bi-metal, which dise under .the influence

of heat will ansume a concave shape at a predetermined temperature,
sudden and results in the breaking of the contact at (15).

The Phenomenon

A mill in the Maine forests was equipped
with a “fire tube” boiler with a large smoke-
stack. At the bottom of this stack was a
right-angled elbow which had a large circu-
lar disc-shaped cover on hinges, for access
for cleaning out the boiler, etc. At ordinary
room temperatures, this disc was always
convex or “bulging out” in shape. When the
fire was burning brightly, however. it would
suddenly snap, for some unexplained reason,
to the concave or “bulging in” position, and
would snap back again when the fire became
tow. This snapping operation gave warning
that the fire needed attention and served as
an alarm clock.

Of 10,000 people that might observe this
event, about 1,000 will comment on it. Of
this 1,000 about 100 will be curious enough
to inquire into the cause of this action. Of
this 100 about ten will, by correct analysis,
discover the principle of the action. And
of this ten about one will apply that prin-
ciple to new uses. This one is the inventor.

All inventions of this sort, that is to say,
suchi as are suggeésted by some observed
phenomenon must pass through these four
stages: 1. observation of the event; 2. anal-
ysis of causes; 3. disassociation of the basic
principle from the circumstances of the par-
ticular phenomenon under observation; 4.
the synthesis, that is, the application of the
basic principle to new uses. It is true that
the inventor is seldom aware of these feur
steps in invention, but he succeceds because
his mind has been disciplined to apply this
four-fold process unconsciously. The reader
will find it an interesting discipline to
analyze by this method the inventive process
through which the invention discussed in this
article or other interesting inventions have
passed.

That the application of this method is not
merely a stimulating mental exercise but
also a profitable occupation is demonstrated
by the case of Mr. John A. Spencer, who,
while still a young man, finds himself today

The change is very
The rapid hreak eliminates all arcing.

a millionaire by virtue of a very simple,
very elementary, but, nevertheless, very use-
ful invention.

The Story of the Invention
Something happened in this wood-working
mill in the backwoods of Maine. John, 15
years old, worked there and saw millions of
clothespins turned out. Clothespins are not

- in themselves recognized as stimulants of

the imagination, but young Spencer’s imagi-
nation was so active that it needed no stimu-
lus. It absorbed everything of interest, and
in after years John A. Spencer became a
wealthy over night, because of this active
imagination.

He was one of the few who absorbed into
his mind and memory the snapping action
of the man-hole cover. The fact that the
noise gave warning of the state of the fire
was also observed by him. The action was
an absolute temperature alurm. or a fire
control, The motion of the disc took no
part in operating the chimney damper, so it
was not a thermostat. It took an inventor
to develop a thermostat from it, to recog-
nize in it a way to overcome the difficulties
incident to the construction of an electric
make-and-break regulator of heat and cur-
rent, and to dispose of the troubles, espe-
cially of the arcing, by going back to the
observations of his boyhood days.

Years afterward Mr. Spencer was work-
ing on thermostats. His memory being as
acute as his observation he recalled the
phenomenon of the old boiler cover and
started, on that basis, a line of experimental
work which ultimately led to the disc type
thermostat. The utter simplicity of this
highly efficient thermostat the reader will
note in the illustrations. The very high
value attached to this device is evidenced
by the fact that the Westinghouse Electric
and Manufacturing Company promptly
offered £1.000,000 for Mr. Spencer’s in-
vention.

It was in !923 that his patent was issued
covering a quick-make and quick-break ther-

mostat in which the temperature-control ele-
ment was itself the moving part without the
use of levers, springs, or other subsidiary
parts. This patent covers. among other con-
trols, a disc type thermostat which does
away with the necessity of complications so
common to ordinary thermostats, and per-
mits the thermostat itseli to break without
the use of a relay, power units as high as
3,500 watts, either on alternating or direct
current.
The Analysis

To cause a movement of the disc which we
described above, a force is obviously neces-
sary. What was the nature of the force
and where was it applied?

What were the outstanding external cir-
cumstances which accompanied or immedi-
ately preceded the motion of the disc? The
rise in temperature of the boiler strikes us
at first thought as the most important event
preceding the action of the disc. We know
that heat is capable of setting up stresses in
solids. These stresses are in the nature
of ordinary mechanical forces and would
account for the phenomenon under analysis
if we understood exactly the direction and
point of appiication of the forces.

Under the actio. of heat stresses, the
metal disc tends to expand. Let us sup-
pose that its expansion toward its edges is
prevented and that further bulging outward
is also impossible. The effect of increased
temperature will then be to develop the
stresses in the disc until these internal forces
are great enough to strain the disc into a
concave position. This action will be very
sudden and its rapidity accounts for the
snap. with which the disc changes from a
convex into concave state. \We might. there-
fore, conclude with reasonable certainty that
the stresses induced in the disc by rise in
temperature are the cause of its peculiar
behavior.

‘The analysis then suggests the possibility
of actuating metallic discs in this fashion
by means of changes in temperature

The Principle

_Suppose. instead of a convex disc of a
single metal. we employ two convex discs of

—
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The upper figure sliows the Spencer dise
thermostat as it is applied to an electric flat-
iron. The disc thermostat itself forms part
of the electric circuit, The dotted lines indi-
cate the high temperature position when the
electrical contact is broken, The lower figure

shows another form of the same device.

metals having different co-efficients of expan-
sion brazed or welded together as shown in
the illustration (Fig. 1). Then it will not
be necessary to provide means for the pre-
vention of expanding movement of the disc
toward its periphery. For, suppose that at
normal temperature, the two metals are so
arranged that the inner one has the larger
cn-efficient of expansion. This means that
for a given rise in temperature the inner
disc will expand more than the outer. Now,
ubytously, the curvature of the outer disc
being greater, it spreads over a larger area
than the inner disc. Of course, this dif-
ference is extremely small, but sufficient to
cause the action we desire.
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As the temperature rises, and the inner
disc expands more rapidly than the outer,
the former will tend to take an outer posi-
tion in order to allow for its increased size.
When this tendency becomes strong enough.
the compound disc will snap over into a
new position, as shown in the illustration.

Now. as the temperature falls again, the
contraction of the metals is again unequal.
The now outer metal contracts more rapidly
than the inner and will tend to occupy a
position in which it has a smaller surface.
In other words, it will tend to resume its
former (inner) position. The result is that
when the normal temperature is reached the
disc will suddenly snap back into its normal
position.

The principle of compound metals used
for controls of various sorts under the in-
fluence of changes in temperature is not at
all new. It is, for instance, used to main-
tain a constant length oi clock pendulums.
The pendulum rod is made of two ditferent
metals, as illustrated below. with the result
that the unequal expansians acting in oppo-
site directions maintain the pendulum at a
constant length. .

The similarity between the present iuven-

A—v

Some applications of bi-metals. The figure
at the left indicates a compensated clock pen-
dulum in which the metal (I13) expands ap-
proximately twice as much as (A) and wro
maintainy the pendulum length constant. The
tigure at the right shows a compensated chro-
nometer balance wheel. Under the influence
of an increase in temperature the loaded ends
of the discontinuous wheet curve inwards and
&0 counter-balance the expansion of the hair
spring and the spokes.

tion and the compensating balance wheels of
chronometers is even more striking. The
rim of the balance wheel is made of two
metala say brass and steel. of unequal ex-
pansion, that with the less expansion being
inside and the wheel is discontinuous, as
shown in the figure. The outer rim expands
more than the inner and the two loaded ends
therefore curl inward with a rise of tem-
perature. The loads are so adjusted that
the mass is thrown inward by a sufficient
amount to compensate for the weakening of
the hair spring and the expansion of the
spokes.

These are but a few of numerous exam-
ples which could be cited to show that the
principle on which the Spencer disc thermo-
stat is based was well known long before
Mr. Spencer's time.

Mechanically, the principle on which this
style thermostat works is similar to that of
the bottom of an oil can. In an oil can the
bottom is mechanically pushed from a convex
to a concave position. When the push or
strain is released the bottom snaps to the
original or convex position. In each opera-
tion there is a quick “snap.” due to the in-
ternal strains in the metal.

We have now derived from the behavior
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Another form of
the Spencer disc
thermostat em-
bodied in an elec-
tric flat-iron, In
this instance, three
contacts are pro-
vided to render the
breaking of heavy
currents possible,

At e
I

of the boiler cover a general principle for
the operation oi convex discs. We have
found that if the bottom of an oil can, say,
is made of bi-metal upon the application of
heat the bi-metal would tend to alter its
“bulge” or convexity until it came to the
critical or “snap through” position, when it
would suddenly snap to the concave position.
Then, when it cooled off. it would snap back
to its normal or convex position.

The Synthesis

Having abstracted the general principle
underlying the behavior of a metallic man-
lole cover, which gave rise to this line of in-
vestigation. we proceed to the next step in
the inventive process. that is, the invention
proper—the synthesis of the general prin-
ciple with new functions. In this. Mr.
Spencer’s ingenuity is notably displayed. He
chose for the field of application of this
principle one which long stood in need of
just the device which Mr. Spencer origi-
nated. He selected. to begin with, the ther-
mostatic control of electrical cirenits.  Be-
ing of reasonably heavy construction, the
bi-metallic disc may form a part of the
ele