ELECTRONICS

DIVIDE and MULTIPLY with a

WHEATSTONE BRIDGE "~

By FORREST H. FRANTZ, SR.

LECTRONIC computers ave taking
ovelr many of the d:udp;Ln Jr:hs
in LﬂiamLH'—i and engineering. We're
all intrigned by the ecapability,

speed and immensity of the giant elec-
tromic “brains" Actually they aren't
brains, but merely slaves to do drwdg-
ery math and record keeping for man-
kinl,

While there's reason for us to he
awed by eomputers, there's no reason
to shy away from them and deside
they can't be underzstood. There are
simple computer schemes that are casy
to understand and duplicate (zee “Mp.
Math,” Ranio-EvectroNics, June 1958,
page -1 1. This-article describes one you
ean build in a eouple of hours. It uses
a simple Wheatstone bridge civenit,

The hasie eivenit of the Wheatstone
bridge is shown in Fig. 1. The rasist-
ances in the bridge (A, B, 0 and D)
have a special relationship when meter
M reads zero. The relationship is:
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IT pesistances B, © and T are 10, 20
and 80 ohms, vespectively, and the

resistance of A is unknown, it may be
determined by solving the formula for
A and substituting the known wvalues.
Thus, multiplving both sides of the
efuation by B
4 _ BG
() =Ty
10 % 20
a0

= G.67

Fig. 1—Basic cirenit of 1 Wheatstone
bridge.
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Froperly set up, @ Wheatstone bridge

In just this way the Wheatstone
bridge helpz measure unknown resist-
ances, and the dials on the Tront of
the hridge ave usually ealibrated to give
the unknown rvesistanee divect. If we
use the Wheatstone bridee principle
but use potentiometors with calibrated
seales for all four resistances, it's a
simple matter to come up with a cal-
culator that ean multiply and divide,
The nlr:uit of such a deviee is shown
in Fig. 2. The pofentiometers are wire-
wionnd an-;l must be linear if you want
to uze linear =eales without special
calibration. The type specified in the
parts list s inexpensive and will give
aceurate results. The battery -.up;lws
voltage to the bridge when cither S

or 32 iz depreossed. Meter M is the ]utl]
detector and may be an external meter
on the lowest milliampere pange it you
huve a multimeter and wish to econ-
omize. 81 iz depressed for coarse null:
82 for fine null. This arrangement
makes things easy on fhe meter by
minimizing off-scale deflections,

To multiply
Formula (2) can be used to work
most problems To multiply 82 x 36,

for example, set 32 on B and 36 on O,
Sinece you want the answer on pot A,
you must set D to a multiple of 10
that gets the answer in the range of
the A pat. Try setting D at 100, Naw,
depress 81 and adjust A for coarse
meter null. Then depress 52 and adjust
A for a fine meter null. Pot A Feads
11.5 at null. Multiply by 100 (move
the decimal point two places to the
vight) since pot D divided the problem
by 100. The answer is 1,150, If you
multiply 32 ¥ 36, the true answer i=
1,1562; The errvor is less than 0.2, In
general, the error will not be this amall,
but it will be veasonably small if you
do a good construction job and are

caveful in setting numbers on the
potentiometer dials, Results are com-
parahle with those obtained on an

ordinary slide rule. Therell he more
examplezs of how thi=s caleulator can
be used later,

The Wheatstone bridge caleulator is

becomes u simple caleulating mackine

huilt onto a B x 12%-inch panel of
Ya-inch Mazonite, A wooden baze may
he attached to it with wood screws if
you prefer a vertical panel.

The dial zeales are linear and have
#ll equal divisions. Every fifth division
ling iz longer than the others, On scales
A and B, each division corvesponds to
1 ohm of resistance and every fifth
division represents a S-ohm increment
with a full-zeale value of 50 ohms, On
zeales C and D, each division represents
2 ohms, each fifth division a 10-o0hm .
inerement, and the fall-scale valoe is
100 shms, The electrical rotation of
the potentiometer is 2807, Therefore,
ench geale division iz 5.6°. Each fifth
division is 28°, The diul layout is shown
in Fig. 3

To make the dials, draw four cireles
4 inches in diameter on a piece of high-
quality paper. Cut these civeles out
and, with a protractor and ritler, mark
off 10 major 28° divizions. Label these
0,5, 10, 15, 20, ete. to 50° for scales
A and B, and 10, 20, 30, ote. to 100° for

©
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Fig. 2Z—Circuit of the Wheatstone
bridge enleulator.
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C and D. Wext, fill in the minor divi-
gions 8.6%, 11.2%, 16.8° and 22.4° from
the preceding major division. Finally,
draw 1 %-inch center hole, and cut it
out. Ink the =cales in if wou wish.
Fazten the dinlzs to the panel with
rubber ecement. Be suve the panel is
clean, and go easy with the rubber
eoment. Center the dials over the
potentiometer holes.

Cut the pot shafts to %% inch. Place
a1 hex nut on cach potentiometer bush-
ingr hefore moanting. Adjust the pogzi-
tioti of this nut till the bushing extends
the thickness of a hex nut beyond the
front of the panel, and then fasten the
fromt hex nut. This makes the pointer
knoh vide close to the scale,

The pointer indicators are made by
cutting out plastic pointers, scratching
a hairline on them with an ice pick,
filling the hairvline with India ink, and
then attaching the pointers to plain
knohs with servics cement. Ba sure the
hairline iz aliened with the center of
the knobh sha®™l hole. Fig, 4 shows the
pointer in detail. Fasten the pointer
knobs to the potz so that the pointer
travels an equal distanee beyond  the
first and Iast graduation on the scale,
The pointer travels beyond the ends of
the =seale since the potentiometer arm
rides over the end connections on the
pot.
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Fig. 3—Dial arvangement for the fonr
pots. Use outer number: for C and 0,
inner numbers for A and H.
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Internnl  view shows why
conslruciion fime is shork

Mount 81, 82, and the meter, and
wire the ealeulntor. Use the photos for
guidance, Insert the battery, and you'ro
rendy to calemlate.

Using the instrument

Here are a few examples of how youn
ean use the exleulator. Simple numbers
that you can check mentally ave used in
the first few problems.

* Problem 1: There's a df-volt drop V
across 4 R0-ohm resistor B, Compute (a)
the eurrent I through the resistor, (b) the
power PP dizsipated.

Solution:

fep T=V/R, 1=40/30, Set-40 on C, 10 on
B, 20 on D. The result obtained by
adjusting A for meter null is 13,
Since B was seb on 10, the result is
10 times the actual answer. So divide
the anawer by 10 {move the decimal
point onde place to Lhe Jefth to-got
1.83%. The answer voeur calenlator will
give on the problem might look
mora like 131 or 135, but accuracy
iz still better than 256,

P=N]

From the preceding problem, V (800
j#.aet om C. Set I (1.58) X 10 or
133 on B, and st D 1o 100, Adjust
A for null. The result is £.0. Since
we muoltiplied by 10 in setting B and
the problem was divided by 100 in
setting D, the result on A must be
multiplied by 10 to obtain the an=-
gwer, which iz 40. This 15 reasonahly
close to the longhand answer (30487,

* Problem 2: A car traveled 45 miles
per hour for 10 minutes. How far did it
P

)

Solution:
Distuntv::-}]mmlI ® Timo
40 miles :
= A 10 minutes

Dat 45 on B, 10 on O, and 60 on D,
Adjust A for null, The result is 7.5
miles. In this case, the reésult on A
j& the answer becauze the numbers
were get directly on the pots without
seale multiplicrs.

®* Problem 3: Sguare 33.
Soliution:
Sat 45 on B, 35 on (. 100 on IX Ad-
just A for null. Tho rexplt 4z 12,2
on A, This mus=t be multiplied hy 100
ginee the problem was divided by the
100 set one 1) The answer from the
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Fig. 4—Diagram of the pointers. Make
four from clear plastic; see wext for
detnils.
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Closenp of the caleulator’s front pancl.

caleulitor is 1,220, which is resson-
ably close to  the actuonl result
(12957,
* Prohlem d: Find the sguare poot of 20,
Solution:
Set 20 on A, Since the square ook of
25 1x- 5, the answer will be near 5.
Set B to 50, C to &0, amd D Lo 100.
Diepross 82 and decrease B oand ©
aqually for n nutl, When B équals
¢ at null, the resull on either of
them, divided by 10, is (he anawoer,
Agnin the divigion B35 required bo-
cause of Lhe scaling. Although using
multipliers  and divisers may seem
complicated, vou'll eateh on o quickly.
The practice setually will h:.'lha you
in wour anderstanding of math,
* Problem 5: A 20-, 40- and 90-ohm
reslator are connected in parallel. What is
the total resistance?

1
B= 1/Ry 4 1R 4 TRy
Selution:
Set B o 10, G te 100, T to 80 B_m'l
niljust A for null, You're calculating
1,000/, and the resolt on A is 8.t
Write it dowi.
Leave B at 10, ¢ at 100 wnd set
D to 40, The vesult of 1,000/F. when
A iz pdjusted for null is 250 Write
it down,
Leave B at- 10, ¢ at 100 and set
D to @0, Adjust A for null and write
down the result. It's 11.1.
Add the results of  the preceding
steps: 30,3 plus 26 plus 110 i GO.4.
Loave B set to 10, € set to 100 and
wok G4 on Ir. Adjost A for null, The
result on A ig 144, This iz the
BOEWeT sinee the numerator-seale
multiplier cancelled out the denomi-
nator-zeale mulliplier, Ineidentally, I
obtained 14.2 ns Lhe final answer on
my  coalenlutor. If  you're - carcless
aloner the way, you may geb much
fuiurther off.

Here's another pointer on getting
accuraey. Adjust for a close null. Alter-
nately press and release 82 in pelling
the fine mull to be sure that there's no
movenient of the meter needle in going
from one switeh position to the other,
If you use a 0—1-ma meter for a null
indicator, you can increase the null
sensitivily by boosting battery voltage
to 6 (four flashlight batteries in sevies)
or- by providing a transistor amplifier
for the meter. :

Onee you get the hang of wsing the
ealenlatar with formula (2) (which I
nsed in most of the illustrative prob-
lems), explore formula (1) and the
formula AD = CD. With a little bit of
thought and practice, von can do a lof
with thiz caleulator. And vou'll inerease
your skill with mathematics too,  END
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