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The New KFI

KFI is now in the super-power class, having recently increased power to

50 kilowatts—the first station west of Texas to use this power.

T his article

provides a detailed description of the new transmitter

EW and improved radio scrvice is
available to listeners along the
Pacific Coast and DX fanz in
other parts of the-country have a new mark to shoot
the opening of KFI['s new 30 kw. transmitter near Los
Angeles, California. KFI, which is owned and operated by
Earl C. Anthony, Inc., has operated for many vears, and until
recently had a power output of 3000 watts, Wilh the installa-
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{a) Low-power rectifiers and control
panel
(h) Exciter modulator unit
() 5 kw. amplifier
(d) 30 kw. amplifier
() Main control panel
(1} Main rectifier
(z} Basemenl apparalus

tion of the new equipment, it is expected Lhat listeners will (h) Antenna tuning equipment
be able to hear this station over a One of the illustrations shows the
much wider range. entire radie-irequency unit. On the

The transmitter is located on a N L. l extreme lefl is the low-power rectifier
thirtv-acre tract near Buena Park. 1T —H=——1— and automatic control wnit.  This
Los Angeles Countly, approximately i __!___ S I w — panel contains three individual mer-
twenty miles from the city of Los - i cury vapor rectifiers, various contac-
Angeles. The location was selected =1 i tors and relays associated with the
after extensive field strength tests by Lap SO PR TR control circuits, and condensers and
engineers of Lthe RCA-Victor Com- 1 === T reactors associated with the oscillator-
pany, who furnished and installed [ i | .ﬂ || = modulator amplifier panel. There are
the transmitter. The location, of e Lo """f'_' b a total of ten UX-866" in this panel
course, was chosen so that a very v R | which supply power to the wvarious
nearly “circular pattern™ was ob- [P0 O e radio-frequency stages located in the
tained, assuring equal radiation in all \*B,r/ _,1'1_';, d first three panels.
directions, /- i by .

) : === t The Modulator Unit
Station Design - ,é = 5 The next panel shown in the same

The new station is housed in a =] - ] S HEN ) [ illustration is the exciter modulator
brick, steel and concrete building of ! e unit. This panel performs the fol-
two-story construction.  The lower B g = = lowing functions: (1) produces a
floor houses the power plant and the constant frequency by means of a

upper story contains the transmiltter
proper. The ecquipment is so ar-
ranged that an operator can readily
obzerve the entire operation from one
point.

The towers are 400 fect high, lo-
cated 700 feet apart, and so placed that they form, with the
building, almost an equilateral triangle—the building being 475
feet from the middle point between the Lowers.

The transmitter 15 one of the standard RCA 50-B units.
Figure 1 shows the block diagram of the r.f. and power cir-
cuits.  Fizure 2 shows the schematic of the transmitter,

For the purpose of description, the transmitter can be
divided as follows:

Fignre 3.

THE R.F. PORTION OF THE

AMPLIFIER CHARACTERISTIC

This curve shosvs the dynamic

characteristic of the posver stage, wsed as
a olass B amplifier

crystal control oscillator, (2) ampli-
fies the carrier frequency to a power
level to excite the succeeding 5 kw.
amplifier, and (3) receives low-level
audio energy  from the incoming
audio line and amplifies this to the
level sufficient to modulate the radio-frequency system 10077,

The two complete crystal oscillator units are mounted side
by side in this unit behind glass-front doors. The connections
are g0 arranged that cither of the crystal units can be used at
will, depending upon the pesition of the crystal unit transfer
switch.

The crystal oscillator stage employs one UNM-210 tube, con-
nected in the circuit with a quartz crystal accurately ground

TRANSMITTER EQUIPMENT

The three panels at the left contain, respectively, the low-saltage rectifier and awtomatic comtrsls, the exciter and

madulator equipment, and the 5-kav, imtermediate amplifier.

To the right of the gate are tawo of the panels on

qufiieh the Sl-kae, amplifer equipment s mousted
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to a frequency of 640 kc. at a specified tempera-
ture., In order to insure the highest degree of fre-
quency stability, the crystal is mounted in a spe-
cially designed holder and is kept in place hy
quartz spacers, These spacers are ground from
the same block as the crystal and therefore have
the same temperature coeflicient, thus keeping the
air gap constant with changes in temperature.
The crystal holder is mounted inside a specially
designed heated compartment with thermostatic
control so that the constanl temperature is main-
tained at the crystal. The heater unit is known
as an attenuated heater.

Crystal Temperature Conirol

A sensilive thermostat is located in the vicinity
of the source of heat so that it operates on a very
small temperature change of the heater element
itzelf. Due to the great thermal capacity of the
conducting layer, the resultant change in tempera-
ture around the crystal is but a small fraction of
the change in temperature which causes the ther-
mostat (o operate, In this manner the {requency
variations of the temperature changes are kept
within very narrow limits. In order to maintain
accurate temperature at the erystal itself, a ther-
mometer projects from ihe oven and accurately
indicates any changes which may take place therein.

The power required for the heater is obtained
from the 110-volt station lighting circuit instead of from the
contral circuit used in other parts of the transmitter. Thus
the unit can be kept at the proper temperature whether the
transmitter or the crystal unit is im regular service or not.

The crystal stage is followed by twe buffer amplifier stages,
all located in the =ame cabinet. As stated before, the cabinet
is in duplicate, including power supply. The two buffer ampli-
fier stages have identical circuits and wse UN-865 screen-grid
tubes. The screen-grid feature, of course, eliminates the need
of neutralizing. Any reactions from the tuning and buffer
amplifier stage are not reflected back to the crystal escillator,
Individual shielding is used to further reduce induction be-
tween stages. Each stage has its individual plate current
meter; the plate voltage on the amplifier and oscillator is
measured by means of a volimeter,

THE TRANSMITTER BUILDING

Houses the new 50-kav, transmitter and powcer supply wmits

There is still a third unit in the spare parts kit of the trans-
mitter which can be pressed into service in the event one of
these two units in the transmitter should be removed, thus
always giving a large factor of safety in operation,

Referring again to the block diagram, Figure 1, it will be
noted that following the c¢rystal control umits is the first r.f.
amplifier, which utilizes another sereen-grid tube, type UX-860,
of 75 watls capacity. This is the third buffer amplifier stage
between the crystal and modulated stage. It can be readily
secn that so many stages are not necessary for providing the
necessary powet Lo excile the modulated stage. It is gener-
ally conceded, however, to be good engineering practice to
have as many buffer amplifier stages as economics will permit
between the modulated stage and the crystal stage to prevent
any reaction which might occur due {(Comtinued on page 714)
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Figure 2. For those imterested in the details of the circuit, the complete diagram is given here
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The New KFI

{ Comtingeed from page 639)

Lo modulation. It also allows the crystal
stage to be operated at very low power
output which, in itself, makes for better
stability.

Following the UX-260 stage is the
modulated amplifier consisting of one
UV-349 tube. This stage is medulated
by two of the same type tubes. The
power for this stage and the driving stage
15 furnished by six UX-866 tubes located
in the first panel from the left and ar-
ranged in a three-phase, full-wave circuit,
The output of this stage s a modulated
radio-frequency with peak power of ap-
proximately 800 watts delivered to the
grids of the succeeding 5 kw. amplifier
stage.

The 5 kw. amplifier stage is the third

This instability manifests itself in poor
quality, short tube life, interruptions of
service and flashovers, The final power
amplifier was virtually designed around
*the 100-kilowatt tube, A greal amount
of time and money was spent in the de-
velopment of the circuit for this tube and
this work has resulted in a very stable and
highly efficient circuit.

A Class B or linear amplifier, by defini-
tion, is one that operates in such a man-
ner that the power output is proportion-
ate to the square of the grid voltage,
This is accomplished by operating the
tube with a grid bias of such value that it
substantially cuts off the plate current
without excitation. When grid voltage
15 supplying excitation to the tube, essen-

i [ _I_ a I_A
r e ame | lar| Mon.aae [5 v amia D IO LMERE,
—% € 5 - PEYIR L L NR L
- U Bag ’ =LY
A AN i il I-Uv 2ife
* .;,I # & T [ 3 ‘T f‘T
SHrSTAL COYSTAL SPEE A}
reog unima | [rRCe btz mhﬁu MOOULATOR T“‘ <]
B 290 2-Ux 2 P -
240K BEE 2=UK 865 AUV B08A [—— ¥
ct e ¢ e cl = B
) =
POWER POWER = IMTCRMEDUATE
P POWER
SURPRLY w:pw T R
v ™
FILAMENKT PAOD-2E0
1A A
o Pk mi:nm . MEGT;Q REGTIFIER
e TERNUTER [ GLHERATOR By gEF
2I00VOLTS I G0~
¥

THE BASIC DIAGRAMATIC ARRANGEMENT

Figure 1,

Here the funcitonal divisions of the transmitter are shosen in their sequential

relationship, from crystal-controlled sscillator to the antenua

panel from the left. This stage utilizes
two of the UV-3063 high-power tubes con-
nected in a push-pull circuit. This stage
is operated Class B and is used to amplify
the modulated carrier from the preceding
stage. The UV-863's utilize water cool-
ing on the plates. Filament power for
this stage is secured from a filament motor
generator set which is used Lo supply both
this stage and the final power amplifier
stage. Plate voltage is secured from the
high-power rectifier in the same manner
by means of a vollage reducer unit.

The next grouping of panels contains
the final power amplifier unit which util-
izes two UV-682, 100 kw. Radiotrons ar-
ranged in a linear balanced power ampli-
fier cireuit.

The 100-kilowatt tube was developed
specifically for use in 50-kilowatt trans-
mitters, since it was desirable, in the
opinion of engineers, Lo avoid a parallel-
ing of tubes in Class B operation. The
adjustment of a Class B amplifier is
very critical and unless extreme care is
taken in the design and adjustment of the
circuit, the amplifier will be unstable.

tial half sign waves of plate current are
produced in the least negative half cycle
of the grid voltage, The distinguishing
characteristic of Class B operation is a
medium efficiency of, say, around 339
and a relatively low ratio of power am-
plification.

The ezgential condition for a balanced lin-
caramplificr stage, suchas the Skw.unit and
50 kw. final power amplifier unit, is such
that both tubes must be worked under
identical conditions, Both tubes must re-
ceive equal excitation voltage, equal bias
and must have equal characteristics. Since
there has been very little written on the
lincar power-amplifier circuit as uged in
the last two stages of this transmitter, it
might be well to explain briefly the oper-
ation of a Class B circuit.

The operation of a Class B push-pull
amplifier can best be shown by a very
simple diagram. Figure 3 shows the dy-
namic characteristic of two tubes in a
Class B circuit. The dynamic characier-
istic curve of one side is inverted in re-
spect to the characteristic curve on the
opposite side. It can be seen from this
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diagram that it is necessary to have the
straight portions of the curve exactly in
line, otherwise a distorted output wave
will result. When the adjustment is prop-
erly made, the plate current for each tube
forms a continuous wave of current which
excites the plate tank circuit. When the
tube is biased exactly to cut-off, each tube
utilizes only one-half the grid vollage
wave,

It can be noted that the ocutput in-
creases as the excitation is increased and
that there will be required a tube ca-

100

2

Yo MODULATION

o ) 100
Y INPUT SIGNAL 200~

FIGURE 4

pacity of four times the normal carrier in
order to provide available power when
the excitation swings the output up and
down the dynamic characteristic curve.
The two UV-362 tubes provide more than
the 200 kw. capacity on peaks. The limit
of the curve that can be used is the point
where the curve begins to bend over. If
the tube is swung above this output, har-
monics will be introduced into the output.
The tubes, however, are of great enough
capacity to readily supply 50 kw. of
power modulated 1009, which means
that on modulation peaks of 1009 there
is an instantaneous power produced of
200 kw. The curve, Figure 4, shows the
amplitude characteristic of the KFI trans-
mitter.

The single panel following the final
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FREQUENCY CHARACTERISTICS
Figure 5. The overall andio-frequency
characteristic, from speech input to an-

tenna, i substamtially flar from 30 cyele:
to 10000 eyeles

power amplifier stage is the main power
control panel. This panel contains con-
trols for the entire transmitter, including
the 2300-volt primary circuit-breakers
and special controls for the power circuits
of the 5 kw. and 50 kw. amplifiers and
power rectifier, indicating and graphic
metering equipment, filament and plate
voltage regulator, and protective devices.
The various devices used for safety of
operating E.-EI'S-IJnnE[ and protection of the
apparatus include the following:
Water flow relays that prevent injury due
to water failure.
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Reliable Short-Wave
RECEPTION

To Use with your present
Set, attached in 10 minutes
NATIONAL NC-5—most

powerful converter made.

MNATIONAL NC-5 Short-Wave Converter
for use with any radio set.

No trouble to connect this powerivl NC-5 to
any radio set. Simply move the antenna wire
from the set to the proper hinding post on the
converter; connect the convertor wire to antenna
pest on the set and plug the electrical conmnec-
tiont inte baschoard alongside the one that goes
to your =ct. No need to disconnect when receiv-
ing ordinary broadensts,

WORKS WITH AMNY SET
_Owing to the super-power of the NATIONAL
N -3 Converter {there are two extra stages of
amplification), it will bring in broadeasts amld
code on short-waves from all over the world on
any radio set.

SIMGLE CONTROL TUMING
Specially designed to make circuits “track™
each  other accurately.  No  interlocking  or
“dead spots™. Operation is  stable over the
TRTEEC,

MO PLUG-IN COILS

The KC-3 Converter has a new coil-switching
system with practically perfest results for cone
verter use, but without the inconvenience of
plug-in coils. The new design helps, but R.379,
the remarkable low-loss diclectric, really mokes
it possthle No_orndinary insulating ‘material
works as well. There i no intercoupling be-
tween coils.

A Charge in Coler of Dial-Light I'ndicates
Which Ceits Are fn Circuit
Attractive—Compact
Size, B"x1T705%212", Standard Model
In beautifel Bnithed metal cabinet,

DE LUXE MODEL
In_ hand.rubbed  solid mahogany case with
Henuine inlay in Emnrl panel, Harmonizes with
the mest beautiful radio sets,

NATIONAL
NC-5 SHORT-WAVE
CONVERTER

For Serious Short- Wave
work, this outstanding in-

strument, the NATIONAL
SW-5 THRILL-BOX

For those who wish to go into serfous short-
wave reception of broouleasts or code, or for ex-
perimental  purpose, the NATIONAL S5W.s
THRILL-BOX i3 reccommended.

READ WHAT USES 5AY;

“Truly & masterpicce in the 5W field.” . . .
“No comparison possible with other receivers.”

. "Works perfectly and surely brings in the
DX ... “Have had years of SW experience
and I have never seen a receiver that nearly
approaches the NATIONAL SW.5 THRILL-
BOX in performance.™ . . . "5 continents amnd
23 countries received.” . ., “They don't make
SW Receivers better than the NATIONAL
SW-5"  (Names on reguest.)

HIGH-LIGHTS OM THE 5W.5

Range 92000 meters. Extremely high signal
to nodse ratio.  True single-knob tuning, Set
and forget the antenna trimmer. Easy to log
with NATIONAL projector Dial, type H, na
parallax. Special 270° Type 5.E. Tuning Cone
denser with insulated mainbearing and Constant-
impedance pigtail makes gang-tuning possible on
the short waves. Equipped with standard set of
4 pairs of R.F. Transformers covering range
of 15 to 115 meters wound on forms of penulne
NATIONAL R-39, Uses the new UX-235 Vari-
able-Mu tubes, giving improved sensitivity and
less eritical operation. Humless AC, Power
Supply with special filter section. R.F. Filter

on  Rectifier Tube, and FElectrostatic shield.
Made also in low drain bat-

E.C.A. Licensed,
tery model,

NATIONAL

SW-5 A.C.&D. C.
THRILL-BOX

Serd in this COUPOM to-day.

NATIONAL COMPARY, INC.
61 Sherman Street, Malden, Mass.
Gentlemen:

{Cheek which.)

O I enelose 30c (stamps or coind for your 64-page Handbook ef Short-Wave Radie, deseribing
in full the latest amd best short-wave receiving circuits, adaplers, converters, meters, etc.

| |
| |
| |
| |
] O Flease send me complete information and prices on your new NATIONAL NC-5 Converter. |
1 O Please semad catalog sheetz on the improved SW-5 THRILL.-BOX. |
| |
| |
| |
| |
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Atwater Kent 37 Block with chokes g
Atwater Kent 37 Transformer, ea, }“"“ | |
Majestic Super “B" Eliminator Block H
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Water temperature indicating thermom-
eters.

Filament no-voltage
d.c. and a.c. tube

Bias no-voltage relavs.

Timed filament voltage build-up.

Step starting for the power rectifier.

Overload release on circuit breakers for
both branches of power circuit.

Power rectifier surge overload relay with
automatic reset,

Power rectifier sustained overload trip.

Intermediate rectifier overload trip,

Sequence interlocks that protect each suc-
cessive operation in either starting or
stopping.

Thermal overload relays in each motor
slarter circuit.

Fuses in all branch circuits,

Disconnect switches in high-voltage cir-
cuits.

Filament burn-out relay on the 5-kilowatt
amplifier that removes plate power
when circuit unbalance is caused by
tube failure; and removes filament
voltage where both tubes take their

rpmteﬂ ion on both
laments.
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The output from this rectifier is amply
filtered by means of inductive reactors
and banks of high-volltage condensers.
The reactor is placed on the negative side
of the high-voltage delivery circuit.

The transmitter can be thrown on and
off by means of a single switch. This
switch is provided in duplicate with one
control located on the operator’s desk,

The final stage contains a rectifier cir-
cuit utilizing a UV-217C for rectifying
the r.f. and providing a source of power
for the monitoring speaker and the os-
cillograph. The oscillograph enables ac-
curate check on percentage mudulation,
distortion and improper adjustments.
The frequency characteristic of the KFI
transmitter is substantially flat from 30
to 10000 cycles. This insures high-
quality transmission. A characteristic
curve is shown of the frequency plotted
against decibels in Figure 3. This curve
shows that perfect fdelity is secured as
far as the human ear can detect, since
the average ear cannot detect a change of
less than 2 db.

Table T
Tubes Used in the KFI Transmitter
4 UX-210 2 UV-863
4 UX-563 2 UV-862
1 UX-360 6 UV.-857
3 UV-549 3 UV-117-C
2 UV-203-A 10 UX-866

Ratings as Used in 50-B Tranimitter

Plate Plate Bias Filament Filament
Type Current Voltage Voltage Voltage  Current
210 30 ma. 350 minus 50V, 7.5 1.25a
565 60 ma. 500 oo 78 (CLC) 7.5 2
260 A a. 2,000 150 10 3.25
B49 d a. 3,000 #1132 11 5
203-A 50 ma. 1,000 “ 20 {audio) 10 3.25
863 S oa 12,000 U340 22 32
B62 4.2 a, 17,500 o380 - 33 207
n7-c 15 a, with 3000 v. RM3 applie 10 3.25
Bl 25 5

Peak plate current = 0.6-A.

the average d.c. output.

857
Fil. voltage, — 3.

with equal force.

On 3-phase, full-wave connection, the inverse voltage is cqual to 1.045 times

In the single-phase, full-wave rectifier using two tubes, the inverse peak voltage
equals 3.14 times the average dc. plate voltage.

Fil. current, — 60 a, — maximum peak inverse 20 KV.

Maximum peak plate current 20 amps.

The remarks given in regard to the 3-phase, full-wave 866 rectifier apply here

filament current through a resistance.
Switches on all doors that remove hias
and plate voltages, thus protecting the
personnel from accidental contact with
high valtages,
Timed water flow after removal of power
tubes to assure complete cooling.

i Automatic drain of cooling water to pre-

vent freczing in cold weather.

Visual indicators as a guide to all impor-
tant circuit conditions.

The panel to the extreme right shows
the rectifier unit which contains the tubes
and filter condensers, filament transform-
ers, ete. The high-power rectifier, which
is vsed to supply the final stage and the
5 kw, exciter stage, utilizes 6 UV-857
tubes in a three-phase, full-wave circuit.

The primary power source for the KFI
transmitter is a 2300-volt, 3-phase, 30-
cvele supply. This supply is converted
by means of a frequency converter to 60
eveles. By using a converter the installa-
tion of a standard 60-cycle transmitter
unit was made possible. It is interesting
to note that this is the only 50 kw. instal-
lation in the United States operating from
a 50-cycle power source.

When in regular operation there is ap-
proximately 100 kilowatts of power from
the tubes which must be dissipated. This
power is dissipated by means of a water-
circulating system.  Since there is a very
high voltage on plates of the tubes, it is
necestary to use distilled water so that
the mineral content and conductivity will



Rapio News ror Fepruary, 1932

be low. A long column of water flowing
through a rubber hose on a reel is used to
insulate the high voltage from the metal
pipes. The cooling system consists, es-
sentially, of the following: A water stor-
age tank, centrifugal water pump, ra-
diator and blower., The water stor-
age tank is provided, since the system is
a closed one. The pump, of course, cir-
culates the water and has a capacity of
approximately 35 gallons per minute
against an S0-foot head. A by-pass sys-
tem iz provided around the pump with
the control wvalve for pressure control
The pump forces the water through the
radiator, where the water is  diffused
through a bank of radiating fins. The
radiator is equipped with a centrifugal
blower driven by a totally enclosed 714
horsepower motor. The radiating system,
as a whole, 15 designed to dissipate a
much greater amount of power than is
ordinarily required of it.

All power equipment, exclusive of that
mentioned, iz located on the basement
floor. This consizsts of high-voltage trans-
formers, filament motor generators, bias
and motor generators, reactors and con-
densers and wvoltage regulator for the
high-voltage plate supply.

The voltage rectifier is so designed that
when voltage is thrown on the tubes it is
only at 10,000 wvolts. The regulator au-
tomatically runs the wvoltage up to the
normal voltage of 18,000 volts in a very
short time. This gives added protection
to the tubes. When the transmitter is
thrown off, the wvoltage regulator drops
immediately to 10,000 and the transmitter
is ready to go into operation at low-value
plate voltage. The regulator, of course,
can be operated separately and by a raise-
lower button,

The rectifier is of three-phase, full-
wave system, employing a recently de-
veloped low-loss mercury vapor rectifier
tube. The resistance of these tubes is so
low that the IR drop is only 14 wvelts
The IT'R loss is consequently very low; so
low, in fact, that water cooling is not
used, This tube makes possible a great
power saving over the older type of water-
cooled power rectifiers.  This UV-837
tube iz rated, as will be noted in the de-
scription of tubes used in the transmitter,
at 18,000 volts and 20 amperes.

The output of the 50 kw. amplifier is

coupled to the antenna unit by a two-wire|
transmission line. Thiz enables the an-|
tenna to be placed at a distance from the
transmitter. The transmission line, pmp—i'
erly terminated, has an Lﬂ'n,,iun;}r of very
nearly 100%%; the only loss is that ::-f
the I°R loss in the conductors, which is|
negligible,.  The antenna-coupling and|
tuning apparatus is housed in a separate
building located directly under the an-
tenna. The transmission line is termi-
nated in an impedance equal to its own|
surge impedance. This condition being
strictly met, all the power delivered to|
the transmission line is transmitted to
the antenna. If the transmission line
should not be properly balanced and ter-
minated, the energy which would not be
transmitted to the antenna, would surge
back and forth from end to end (com-
monly called reflections) until it was dis-
sipated in the line itself.
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® VISIONETTE

The First Practical
Televisor for the Home

Containg all necessary parts fo easily
assemble an eficients Television Set
The ICA Visionette makes the viewing
of television pictures a pleasure. The
:mnges are seen in an adjustable mir-
ror. This exclusive methed widens the
angle of vision—permitting a number
of people to enjoy the pictures at the
same time. A specially designed and
ground lens between the scanning disc
and mirror magnifies the picture with-
out loss of detail. A newly developed
synchronous motor of radically dii-
ferent design (fully ws-%a_mll'lcd remdy
to operate} and Gl-line scanning disc

included.

SHORT WAVE RADIO TELEVISION SET

For use with TCA Visionctte or other stand.
ard television equipment. Powerful Pen-
tacle amd Vari-Mu Tuhes—power Supply—
built-in pe rmanent coils,.  Tunces i short-
wave radio stations or television telecast-
ing stations—just throw a simple switch to
change from one to the other. Wave length
80 — 200 meters.  Single control — 'E'II”
vision tpning.

Supplied complete with blucprints and de-

tailed  informention for quick and  easy
assembly.

Hreite for additional information reparding
ICA Redie and Television Appargins

Im Kit F
139‘“ {J':s.s r.rr#b::jm'

INSULINE CORP. OF AMERICA

23-25 PARK PLACE, MEW YORK, H, Y.
Subsidiary of STANDARD TELEVISION AND ELECTRIC CORP.

Follow the Direct Road to Success
Dy yoa want & belter posiilon amil s larger pay envelope? Tearm mathematicsl

Nat
a day passez in which you oo not have Lo use mathematic: En your work, A
thorourh knowledpe of it makes clear so many things which are pueling
you Roday,
Yeou can mow have o mathematbes eduesiion without having to £o back to school or
taking &n cEpensive COPTCApflenGy COURHL.

At Last! BMathematics Self-Taught This Simple, Easy Way!
Mo s can have this casy mothad which hasz been worked out by an expert for thoss
whi by nok wish 1o glve the time aml maoney reqaited by ofher methods of mathematbeal
stunly. A very simple and extremely interesting group of books has hoen prepared for

you by a man who haz devoled hls life to teaching practies] mes the fundamsmentals of
this lmportamt subjeet.

MATHEMATICS ... v

By ). E. Thompsan, B.5. in E.E.. AM., Dept. of Mathematies, Pratt lastitule, Breoklyn

Thess boodes sturt right from the beginning with o revlew of arithmetle ihat gives vou all
specinl short-culs amdl trick problems that save couniless hours of your lime. Then Ghey
8 ies and show you how simple it §s when an expert

explaing i for you,
will T fackling with case the most JEMcult
questios on this sulsject,

In no timg at &l you

A Complete Reference Work

An Expert’s Simplified Methods athematics in These

Four Inexpensive Books
Mr., Thompson, the suihor of ihese hoojos, Arithmetie for the Practical Mpm,
haz had many years' exporlpnee o Alpcbra for the Practicsl Man,
E tealnling, He presepts I'rlzonomedry for ihe Peaeiieal
1 methsd and problem fn Man. Calcafus for the FPractical
. aimplest y, He geis Man, 4 Volumes—I1240 Pages—
n ta the Wil of inforimation IEustrated,
llul youl Eebd In your daily work.
Send No Money
Examine These Books for 10 Days FREE
MAIL THIS COUPON
____________________ -
L oo k ¥ YVan Mostrand Co., Inc. I
up any 230 Fourth Ave., Mew Yaork
mat 1h.¢ "_ Eenidl me MATHEMATICE FOR FLF-RETUDY in 4 wolumes I
matical Within 10 days I will citker v v ihe heolta or ‘send  vou l
BI 1,60 ms [Ersl I"u!flhnll: sl 33,4 ¢ month for ¥ monthz—
phr oblem total $7.85, (5% dllseplnt for cash. ) ., 2y |
: it.p“ulﬂ B T R e N N !
you in these 1
books and see BRBRTRIB, i i o o m B 1
how q“i‘:kh’ i e B | O |
}'uu‘get the Busimess Connsethbon, , o I
solution.
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