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The rule is now set up to multiply 2 by 1.5, to divide 3 by 1.5, or to obtain the 3quare root of 9. A magnifier makes it easier to read accurately.

‘Radio and the Slide Rule

ANY of the mathematical problems
M arising in Radio Service work can
be solved guickly, cusii{{ and accu-

.~ rately with the Slide Rule. Some
sérvice men have the mistaken idea that
the slide rule is only for engineers, and that
one must be thoroughly expert in mathe-
matics to use it. It is really the other way
around : problems involving square root
can be solved on the rule faster than the
problem may be written on paper, and no
knowledge of the arithmetical method is
needed at all!

Parallel resistors, scries condensers,
square and cube roots, transformer turns
ratios, reciprocals, etc., can all be solved
by the slide rule with more than cnough
accuracy for service work, Instead of a
long, detailed exposition on slide rules in
peneral an effort will be made here to pre-
sent the fundamentals as applied to spe-
cific problems encountcred by the service
man. The theory of the slide rule has been
set aside in favor of practical application.
In most problems the values will be so fa-
miliar to Radio men that the placement
of decimal points may be done by inspec-
tion, but the simple rules covering these
things will be given.

THE RULE AND ITS SCALES

The ordinary slide rule having only four
scales qn the face is the least expensive and
will serVe our purposc just as well as the
mare expensive Polyphase instruments,
The stock of the rule has two scales; the
A ‘scale across the top and the D scale
across the extreme lower edge. Between
these is ' the Slide which also has two
scales: the B scale right under the A scale
and the C scale just above the D scale. The
A and B scales are duplicates of cach other,
as are the C and D scales.

It will be noticed that the C and D scales
are numbered from 1 to 10, while the A
and B are numbered to have just twice
the range, having two decades. We nced
not go into why this is so but this arrange-
ment makes it possible to read square roots
directly. When you learn to rcad the rule
correctly the square roots of the num-
bers on A may be found directly under
them on D,

The first operation to learn is that of mul-
tiplication. This may be performed on cither
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the A and B, or on the C and D scales.
As the latter arc the ones usually used we
will illustrate with them. The numbers 1
to 10 may be given any valucs, such as .01
to .1; 1 to 10; 10 to 100; 100 to 1000; etc,
just so they arc multiples or submultiples
of 10. There are ten main divisions be-
tween each number which represents one
tenth of whatever value is assumed for the
main numbers on the scale,

To illustrate we will multiply 2 by 1.5.

Set the left index (the first 1), of scale
C to the number 2 on scale D, next move
the indicator until the hair line passes
through the half way mark between 1 and
2 on scale C (this will be the 1.5 mark). Di-
rectly under the hair line will be found
the answer on D (3). The hair line is used
to line up numbers on one scale with num-
bers on another scale. It is ako useful to
mark a mid position in an opcration re-
quiring the slide to be moved twice in
the same problem. ) .

Suppose we had taken 20 x 15 instead,
the setting would be the same with differ-
ent values assigned to the scale, and the an-
swer would be 300. Thus if we take the
whole scale to represent 1 to 10 the sep-
arate figures are units of one; if we take
the scale as 10 to 100 the figures are tens
and the subdivisions are ones, and so on.
So we may multiply any number by any
other number. The scale may cven represent
01 to .1 in which case the subdivisions will
be egual to .001.

SETTING THE DECIMAL POINT

There are two simple rules, governing
the placement of the decimal point in multi-
plication, that it will be helpful to remem-
ber.

RULE ONE:

WHEN THE SLIDE PXOJECTS TO
THE RIGHT, IN MULTIPLICATION,
THE NUMBER OF PLACES TO THE
LEFT OF THE DECIMAL POINT IN
THE PRODUCT 1S ONE LESS THAN
THE SUM OF THE NUMBER OF
PLACES TO THE LEFT OF THE
DECIMAL POINT IN THE FACTORS.

The number of places to the left of the

decimal point is referred to—for conven-
ience—as the characteristic. This sounds
involved but the following examples will
serve to explain it. Consider: \

1.5 x 4. equals 6. Herc there is one
digit (characteristic) to the left of the deci-
mal point in cach factor, so by the rule; 1
plus 1 equals 2 (the sum of the character-

astics ), and 2 minus 1 cquals 1, which gives

us 6 for the answer and not .6 or 60, The
slide projected to the right in this exam-
ple, as well as the ones following that deal
with Rule One.

25 x 30 cquals 750, Here there are two
digits (characteristics) to the left of each
factor, which gives us 2 plus 2 dr 4 and 4
minus 1 equals 3, so our answer is 750 and

not 7500 or 75.

We have also to consider such problems
where the factors are all to the right of
the decimal, as: .03 x .02; and, .3 x 3. To
apply the Rule here we consider the num-
bers to the right of and next to the deci-
mal point such as .1, .4, .7, etc.,, as hav-
ing a characteristic nf zero; those numbers
with one cipher after the decimal, stuch as
02, .08, as having a minus 1 characteris-
tic, two ciphers as a minus J charac-
teristic, and so on. If we tahulate thesc we
can sce how the Rule is applied.

1.3 x .05
1.3 has a plus characteristic of 1
.05 has a minus characteristic of 1

1 minus 1 is zero and the Rule says minus
1 from that, so our answer is .065.

2 x 3. Here we have two zero charace
teristics so thc answer has a characteristic
of 0 minus 1 and is .06.

002 = .004. Each factor has a minus 2
charactcristic. 2 and 2 make 4 and 4 minus 1
equals a minus 5 so the answer will

have 5 ciphers before the first significant
figure. .000008.

~ Some problems require that the slide pro-
ject to the left instead of the right and the
rule for this is—

RULE TWO:

WHEN THE SLIDE PROJECTS TO
THE LEFT IN MULTIPLICATION
THE CHARACTERISTIC OF THE
PRODUCT IS EQUAL TO THE
SUM OF THE CHARACTERISTICS

(Continued on page 184)
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ERVICEMEN will find answers they

can use every day in “Radio Tube
Hints,” a 44-page book just published.
Not intended as a complete treatise on
tubes, this handy easy-to-read volume clears
up tube mysteries, explains testing ‘and
helps you do your job.

Take a look at the table of contents, re-
produced below, and you get an idea of
the book's value.
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Thisis the frsc of 2 new “Hints™ series. Wartch
for others.

“Tube Hinws' is FREE. If your jobber does
not have copies in stock, write to; FRANK Fax,
Slﬂ.'.rnnm. EMPoRIUM, PaA.

SYLVANIA

ELECTRIC PRODUCTS INC.

RADIO DIVISION « EMPORIUM, PA, .

" IH5-GT may be at-

PUBLIC ADDRESS RELAY SYSTEM
(Continued from page 141}

List of Parts Used in Oscillator and Modulator

L—Cathode line, % inch O.D. copper tubing
seven inches long .

L—Plate line, % inch 0.D. copper tubing four
inthes long
Both cathode and plate lines are spaced 3 inch
between fenters

L—Coprer antenna loop 1
inches long

C—See text

C—8ce text

C—See text

R—I1.R.C. 26,000 ohm, 1 watt resistor

M—Triplett 0-50 ma. meter -

T—Thordarson =mall modulation transformer.
Hammarlund acorn sockets were used in this
oscillator.’ .

Note: In addition to above parts, Johnson in-
aulators were used throughout all three units
and Everendy batteries werc used to power the
transmitter.

List of Parts Used in Receiver Pick-up
ANT—1 inch brass roll with sliding sleeve.

inch wide and 2

The length can be varied from 15 to 25 inches
Cl—National type M-30 mica condenser
R1—LR.C. 5 megohm & watt resistor
C2—Cornell-Dubilier .00025 mica condenser
C3—National type UM, cut down to three plates
L—No. 6 copper wire bent as shown. % inch

wide and 13 inches long .
RFC—15 turns No. 20 DCC copper wire, close

wound in one layer and bound with collodion
T—Thordarson T-13A34 transformer
C4—Sprague 1% mfd. paper condenser
Gﬁ—Sﬁ{ngue .I mfd. paper condenser
RZ2—I1.R.C. 25600 ohm I watt resistor
R3—I.R.C. 100,000 ohm 3 watt resistor
R4i—I.R.C. 1 meEohm % watt resistor
Rb—Electrad 50,000 ohm wolume control

List of Parts Used in Speech Amplifier

C1, C2, C3, C4, C5, C6—Sprague .05 paper cone
densers .

R1—I.R.C. 3 megohm 1 watt resistor

R2—Electrad 200,000 ohm volume contral

R3. RE—LR.C. 1 megohm 1 watt resistor

R4, R7—I.R.C. 100,000 ohm % watt resistor

Rb6, R6—I.R.C. 25,000 ohm 3 watt resistor

IN3-GT
° Mic.
INPUT
Fig. 3.—The speech
amplifier uses a pair c,

of high-amplification
tubes to supply suf- | *
ficient excitation to
the grid of the modu-
later. Diode of the

tached to the negative

‘end of the filament or
left floating.

A =
» Ce MOD.TUBE
RS 195-GT
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(Qontinued from page 153)

OF THE TWO FACTORS.
Examples:
07 x .55 equals .0385
.07 has a minus 1 characteristic, .55 has

.a zero characteristic. Zero added to 2 minus

1 equals a minus 1 so the answer has one
cipher after the decimal.

6.2 x 41. equals 254.2

6.2 equals 1, 41 equals 2, 1 plus 2 equals
3 so the answer is 254.2 and not 2542. or
25.42 or some other number using the same
figures.

SOME RESISTOR PROBLEMS

After a little practice in setting the slide
to different numbers and learning the close
‘reading of the numbers we are ready to
do any problem in multiplication. Al-
though multiplication will not solve all our
service problems without the aid of square
root and division it is best to learn its
rules first and acquire a familiarity with
the slide rule before going into the rest of
the operations,

Suppose we want to know if a one watt
resistor will be heavy enough to carry 3 Ma,
with an applied voltage of 325. P equals
ExI so we set the left index of scale C to
3 on D, then under 325 on C we will find
975. The characteristic of 325 is plus _3,
003 (3 Ma.) has a minus 2 characteristic.
As the rule projects to the right we use
Rule One so Z}:addcd to a minus 2 cquals 1,
and 1 minus 1 equals zero, thus our answer
has a zero characteristic and is 975 watts.
A one watt resistor would allow no margin
for safety, so we use a 2-watt resistor.

To determine which way to set the slide
is no problem at all. You will find that if
you set the left index of scale C to a num-
ber on D (in multiplication) and the other

RADIO-CRAFT

number is off the scale simply reverse the
procedure and use the right hand index of
scale C

DIVISION AND SQUARE ROOTS

Division is the reverse of multiplication.
To illustrate we will divide 8 by 4. Set
the 4 on scale C to the 8 on scale D, then
under the left index of C will be found the
answer, 2. The divisor is found on scale C
and placed in line with the dividend on
D, then the quotient is found below the in-
dex of C that is not projecting beyond the
rule.

To divide 8 by 9 the 9 is found on C and

laced over the 8 on D and under the right
index of C will be found the answer, .889,
To reverse this and divide 9 by 8, the 8 is
found on C and put in line with the 9 on
D, then under the left index of C will be
the answer, 1.125. The rules for placement
of the decimal point are just as simple as
are those of multiplication,

RULE THREE:

WHEN THE SLIDE PROJECTS TO
THE LEFT IN DIVISION, THE
CHARACTERISTIC OF THE QUO-
TIENT EQUALS THE CHARACTER-
ISTIC OF THE DIVIDEND MINUS
THAT OF THE DIVISOR.

RULE FOUR:

WHEN THE SLIDE PROJECTS TO
THE RIGHT, THE CHARACTERIS-
TIC OF THE QUOTIENT EQUALS
THE CHARACTERISTIC OF THE
DIVIDEND MINUS THAT OF THE
DIVISOR PLUS L - N

In the above examples 9 divided by 8 il-
lustrates Rule Four and 8 divided by 9 il-
lustrates Rule Three, S )

Now that we can both multiply and di-
vide the slide rule becomes really useful,

DECEMBER, 1943
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“veny without square root. To illustrate

with a few examples:

We want to know what resistance is

nced;d to bias a tube. The required volt-
agc is —16.5 and the rated cathode current
is 12 Ma. The formula {or this is:

- Bias volts x 1,000
R equals

Rated cathode Ma.

10.5 x 1,000 equals 16,500, we find this on
scale D as it is the dividend. The small
figures hetween the 1 and 2 are used. Over
this place the 12 on C, then under the left
index will be found 1375. As the slide pro-
jected to the right we use rule four which,
in this case, gives a characteristic of 4, so
the required resistor is one of 1375 chms.

Suppose we have a 25000 ohm resistor and
wish to put another one in parallel so that
the effective resistance will be 8500, The
formula for this 1s:

Rl x Rt

R1 — Rt

Rt is the multiplier so we set the right
index of C to 85 on D, then move the in-
dicator until it is on the 25 mark on C, the
hair line will pass through 2125 on D. Do
not move the hair line. This 1s now the div-
ilend, the divisor (R1) is 25000 less
(RT) 8500, or 16500 which we find on C
and place 1t under the hair line to cor-
respond with the 2125 mark on D. Then
under the left index of C we will find
1289 (1300 would be close enough, or 1250,
tor practical use).

The slide projected to the left in the mul-
tiphcation which gave a characteristic of 9
(Rule Twos); in the division the slide was
to the right so by Rule Four the charac-
teristic of the quotient is equal to that of the
dividend, minus that of the divisor, plus 1.
The dividend had 9, the divisor (16500)
had 5; 9 minus 5 leaves 4, and adding 1

makes 5, so the answer 1289 nceds a cipher
to make it 12,890 ohms (or 12,500).

EASIER THAN IT SOUNDS

It takes a good deal more time to ex-
plain this than it does to do it. With a lit-
tlc practice, a problem like this may be
snlved in twenty seconds.

When a problem involves both multiplica-
tion and division, as did the last one, the
intermediate answer neced not be read, just
mark it with the hair line and note its
characteristic, then continue with the divi-
s10n.

The same method is used in figuring
scries condensers. While in the above exam-
ple we could have placed the decimal
point from experience, it will be found con-
sidlerably harder to do with series con-
densers if they are far apart in values.
I.et us take two condensers and see how it
works out,

Cl x C2

Cl 4 C2

Let C1 be 2.mfd. and C2 be 004 mfd.

Cl x C2 equals .008,

The left index of C is set to the 2 on D
and under 4 on C will be found 8 on D.
The slide projected to the right so the char-
acteristic will be minus 2 (.008). Set the
hair line to this and run the slide back un-
til 2004 (C1 plus C2) lines up with the
indicator, then under the left index of C
will be found 3994, By Rule Four the
characteristic will be mimus 2 making the
answer .003994. Notice should be taken that

R2Z equals

Ct equals

the 2.004 mark is not quite half way he- .

tween the 2 and the very first division line
following it. Setting and reading these
close approximations should be practiced
and the results checked with paper and pen-
cil until you are sure of your skill.
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HARD-TO-GET ITEMS
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Tha war has lnldi a Yerrific inroad in proctically ail alaetrieal and mechanical subblies.: Wa fort !
In befna abls 1o offer difeult to obtain merthandise | R . i
¥

{ated

you grder [mmediotely-before certain of the items are sold out.

All of the attractive items listed. here are brand new, sxcoDt whers Indicated. ALL are in PERFECT WORKING | .
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Any excess wlll be refunded.
shipmenis on orders for less than %3.00.
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stamps.
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HIPMENTS ASSURED

THE MAGIC ELEETHIB WELDER

Here I8 One of the most compPact. practical weldera wo

have ever seen. Anvon® CAn use L for shop . farm and
home repairs. WELDS, BERAZES, SOLDERS. ‘Hn aLL
METALS. AMYOMNE CAM OPERATE IT. Ilnpa el
cast Ilron. niuminum. brass, copper. bronzc, att.' me
plete with power unlt. Asme and spetallle src attach-
menta. (Really {wo welders in one). Carhone. Ouxen.
rods, mask InCluded. Just plug It in any slectrie tlet.
110 volta AC or DC. For hobb¥ist ar hrofecsnlons

DET N ON TME GRAEAT WELDING BOOM. This fino set
Quickly teaches you weldinE., Low cost ta operate—
abnut 5¢ An hour. COMPLETE SAFETY (s assurcd. Mo
fumes wilh bﬁ:‘\:. eitfit. SET COMES COMPLETE—noth-

Ing clso to

Used by the U. 5§, H-W nmtnun Tel. & T&Iig

Easiman  Hodnk o.. Labaratories. lu:H'n
ulrln'u:e-'l. for One year. Completie

simple instructions with each sel.
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YOUR PRICE

WESTERN ELECTRIC BREAST MIKE

This 1= 8 Ane JiZht-wellht
slreraft carbon microvhone.
It weigha only 1 Ib. \_

Mike eomes with broast-
plate mountink and has 3-
way swlveling sdjusiment
so that It can be sdjustedl
ta any desired position,
There are 2 wven atrang:
ong goos sround nec the
other around Cchest. trapa
can be snoPped on and off
quickly 'hf an inEcnious ar-
mnEemenl.

Thia excelient mike can
be adnpted for home hroad-
EAIHII'II" ar :-;“:u comm-
muniention my.
dismounting breastpiate, ”i"
can he used a8 deak mike

Comes compleie with 8.
fnot cord and rd rubber
nlur Finished in ahorardized
®. non-ruatabile.
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POWERFUL ll.l.-l'l.lllFl.'lSE INDUCTION MOTOR
IDEAL FOR EXPERIMENTERS—I0! USES

Stursily constructed t0 preclslon
standards, (his reeif - stariing
revarsible shaded pole AC. In-
duction motor s powerful enoufh 8
for a number of uses. Some of
thess are: Automatle Timing i
Daviess. Current Inferrupters.
Elsttrle Fanu. Electrle Chimes.
Window Dlsplays, Photeeell Con.
trol Devicns. Elettric Vibrators.
Emall rinders. Buffers and
Pallshers. Minlature Pumps.
Mathanteal Modsls. Slrens. and
other appllcations. [

onstumes mbout 15 vatis of B
power and has a speed of B.0n0
r.0.m. When gearsd down. this
iturdy unit will constantly ober-
ate an [(8-Ineh turniable lended
with 200 [bs. dead welahi—THAT'S POWER!

Dimensions. 8" hidh by 2* wide by 18" deen: had 4
conrenlent mounting studs: shaft 13 W* lomg by 3/16%
dlameter. smd runs In seif-sligning -ofi-retalning burw
Ings. Dealgned for 110-20 wolty, 50-80 eveles. A. l.".' iy,
ITEM ND. 147 95’
YOUR PRICE

ULTRA

LIFTS MORE THAN 20

LITTLE G1ANT
ﬂl’u 5 Ibs. caslly.

MA

magnelle
kecper. .- World's most b
magnet ever made. The
penter  and  hobbylst

steel.

Measures 1%* x 14"
5% lbs,
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YOUR PRICE ... ...

ITS OWN WEIGHT

Welghs 4
Made of ALXNICO new high-
Complete

will
hundreds of cxcellent uses for this
high 'Quality permanent nagnel

. Shp. Wt

MAGNET

TIMES
GNET.

wlih
owerful
exberl-
find

VARIABLE SPEED

Hillﬂ"-ll 415" length 7T
{IE"MH?E l'5l" Ship. t.
\'l‘.ll.lll PRICE

For 110 Velts, A.C. or D.C, Al Nlckel Plate

3
*: width 3L45% Shaft Is 144"

UNIYERSAL MOTOR

Edisen Dictaphone meotor
1530 H. P, Used but in
excrilent condition. For
buMne, pollahing, -drill-
ing, sawing; rund phono:
ETapha, ans, models.
blawers, Isthes, stc. Spe-
clal control

screw mountink: holes,
B 1Ls.

$3.45

cxeellent
capeclall

MHera s an
rheoslal  used
1o reguiste spesds o
small molors, such &8
our Handy Warkshop Out.
fit. This rheostat ean bo
used In connectlon with
molors Up 0 1/20 h.p.

This n- rheostat  im
wire-wound on porcelain
insulation. The biack

lustalile handl |
- !!HI:' andle regulates
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POWER ADJUSTABLE RHEOSTAT

enamcl sieel easing i nﬁgr‘:‘ed for ventilation.
e
Sizé 5 x234* ogverall.

Ads
of motor ensily and

Ship. WL

$1.45

AMAZING BL

Powerful 250.wait

taln niwl 1ight! eetn.
ITE-.'P ?lh ng of

YOUR FHIGE

...........

ACK LIGHT!! ;
Ultra-Violet Souree )

The best and most prac-
tleml sourcs of ultra-vielet
et for genersl experi-
menial and  entarisinmant
use. Makes all Huoresceot
substances brillianily lumi=
nescent. No transformars of i
any kind nesded. Fite ]
standard lamp cocket. Mads I
with apecinl fOlter glass rﬂ /
mitting omnly ultra-viclel .
roys Lo come through. Brinme
out Beautiful opaleseant huss -
In varlous t¥pes of mata-
rlals. Bwell Tor amatsur
partles. pluFs. ole.. 1o -oh-
Bulb only. Bhp. Wi, 1 1b.

2.45

pistely overnauled IHI
rem 101' immediate -'H'V

lll'l'\ far H!l"-'l-llr
wolt. -
rluuu ngirm-n l.l'll lt
in their ahopm to check

soldering irona. w=ic, Kecps
coats down. If dismantled,
the ria  #long  would
nrint the Price. The elab.
orate Kear train could b=
used a8 B
ehin af
Simnle 1o Install
from tha line and 32
te the load. turditiy
struet in vy
case, BL4* high, 015 wide,
5% deeD. Westinghouss, .
Wavne mnlml RE. Wi, 14
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