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Realistic battery-voltage measurements

EARL "DOC" SAVAGE, K4SDS, HOBBY EDITOR

BEFOR E GETTING TO TH E BUSINESS OF T HE

day, we want to thank each of you who has
taken the time to write- and don't hesi
tate to write aga in. Your questions, com
ment s, and suggestions have been quite
interesting. We only regret that there isn 't
enough time to respond to each of you.
For those of you who haven't written yet,
why not get out the old pen and paper and
let us know what you're doing.

Testing dry-cell batte ries
David Patterson has raised the very

practical question of testing batteries un
der " loaded" conditions (when current is
being drawn). We're sure that you, too,
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with a YOM. That's great , but the battery
has no stamina and soon quit s when large
currents are drawn from it. Since the
YOM requi res the battery to do little
work, the measured voltage can stay high
for a long time thus giving a false indica
tion of battery status .

David's question shows us how we can
get a meaningful voltage measurement.
That is , to see how a battery will stand up
under norm al conditions, mea sure the
voltage when the battery is " under load"
and some current is being drawn .

There 's no trick to loading a battery
all that you need to do is connect a resistor
and a meter in parallel across the battery
termin als as shown in Fiz .T. The resistor
draws current from the battery so that a
rea lis tic batt ery-voltage measurem ent
may be o bta ined . You' ve probabl y
noticed that one small deta il has been
omitted; the load-resistor 's value hasn't

have had the experience of having a bat
tery die just a few minute s after it tested all
right with a voltmeter. The reason for that
is that a voltmeter has a high input imped
ance . As such, it draws no appreci able
current from the device or circuit being
tested.

In many situations that 's a desirable
characteristic, but not in this case . When
measur ing battery voltage using a meter
(YOM, YTYM , etc.), the amount of cur
rent drawn is ins ignif ica nt. In oth er
words , the meter doesn 't load the battery.
Using a meter in that manner can produce
very decepti ve result s. Without getting
technic al about battery chemistry, let 's see
what happens and why.

Within limits , car bon-zinc batteries
have the ability to rejuvenate . Thus, after
several hours, a nearly exhausted battery
can muster up the strength to show a po
tentia l of 1.3 or 1.4 volts when measured

33Jl.. {.BA ISoJl.

3~\( OU ,I'UT

___ -- - ...-- -0 ...

TO -i o v; 15Jl.

'--_.- J-J SP4T

TO NlO DEcL '\2.Al lJ

T RA NS FO R-IIIE. R

~

(J)

o
Z
o
a:
fo
W
--l
W

6
o
-c
a:

94



"m
rn
:IJ
C
}>
:IJ
-<

Battery-test jig
Figure 2 shows a schematic for a bat

tery- test jig consisting of four resistors
and an SP4T switch . Reading from the
smallest to the largest resistor specified
there , the switch posit ions can be labeled
100 ,45 , 22, and 8 rnA. You are now ready
to realist ically evaluate any standard-size
dry-cell battery with that setup.

There 's one other battery size that 's fre
quently used-the familiar rectangular 9
volt battery. As long as you' re making a
test jig, you might as well include provi
sions to measure it, too. A typica l small
transistor radio draws about 3 or 4 rnA
from a 9-volt battery.

Following the previous calculations, a
standard 680-ohm resistor pulls 13 mA
and a lOOO-ohm resisto r will pull 9 rnA.
Either value will work fine. It can be sub
stituted for one of the original four resis
tors , or you can use a five-position switch
and add it to the others. Just don ' t forget
to change the meter range when measur
ing a 9-volt battery. Well , there you have
it. Now you can test your batteries under
operating conditions.

Variab le power supply
Glenn Anderson asks about building a

variable power supply. Every experimen
ter should have a variable voltage source
and you can build one without great ex
pense . My first variable supply was home
brew and it' s still used occas ionally when
ju st one more "odd-ball" voltage is
needed. That supply is noth ing more than
a small box and an old model-train trans
former. The transform er has an output
that's variable from 0 to 18 volts in two
ranges .

The box has a pair of terminal posts on
each end and contains a full-wave bridge
rec t ifie r (s im ilar to Radio Shack
276- 1161). a filter capfc itor, and a small
bleeder resistor. The components are con
nected as shown in Fig. 3. When an odd
voltage is needed , the transformer is con
nected to the input terminals on the box.
The output termin als of the box are con
nected to a YOM and the circuit to be
powered . The transformer is then adjusted
to provide the desired voltage. That's all
there is to it.

Of course . you can fancy it up with a

simply by choosing the proper resistor
value. If a non-standard value is needed , a
combination of standard values in series
and/or para llel will do the job . Now that
we have all this information at our finger
tips-why not desig n a circuit for a bat
tery-test jig? In doing so, first conside r the
fact that 45 rnA is a pretty heavy current
for a little AAA-size cell to deliver. The
smaller the battery, the less curre nt it
should be required to produce (that's why
they make several sizes). So, let's make
the loading variable by including several
loading resistors .

rent than a flashlight. For our purposes,
let's use a rate of about 40 or 50 rnA.

With that informati on and our old
friend , Ohm's Law (R = El l), we can easi
ly determine the needed resistor value.
Divid ing the battery voltage, 1.5 (E), by
the current , 0 .050 (1), we get a resistor
value of 30 ohms. A standard 33-ohm
resistor will perform admirably, drawing
about 0. 045 A. Now, we have ju st one
more calcul ation to make: the resistor
wattage . Using the formula P = IE, we
have 0 .045 A X 1.5 V = 0.0675 watts . A
!!.I-watt resistor will handle the job with
plenty to spare.

Obviously, the amount of loading on
the battery can be set to any desired level
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been specified . The " trick" of the pro
cedure is determining that value. For
tunately, it's not difficult to do .

A wide range of resistor values will
suffice but we want to avoid the extremes.
The idea is to draw enough current to
simul ate a real situation. Too great a val
ue, and the resistor might as well be omit
ted-too small a value and you can drain
the battery.

Let's suppose that we want to measure
the voltage of a D-size ce ll. The first thing
we have to determine is how much current
is normally drawn from such a cell. That,
of course , depend s on the device that is to
be powered . For example a battery-oper
ated toy will draw several times more cur-
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VCR REPAIRS

units have servo, video, audio, and sys
tem-control adjustments that must be per
formed according to the manufacturer 's
recommendations. However, keep the fol
lowing point s in mind no matter what the
literature says:

If you get good performance on record
and playback, leave the VCR alone !

If you make the adjustments for the
three basic functions described here (tape
path , switching , and head resonance/Q)
with an alignment tape (using the video,
audio, and RF-sweep porti ons of 'the
tape), and get good performance after ad
justment , all of the other adjustments are
probably OK, and need not be made .

If you cannot get good response by
adjusting the three basic funct ions, you
have other problems (poss ibly terr ible
problems), and you must consult the man
ufacturer's literature , R-E

continued fro m page 66

built-in meter for voltage and another for
current , but that won' t make it perform
any better. You can build in more filtering
for the rectified voltage, but that' s seldom
needed , When additional filtering is nec
essary, you can just connect the parts to
the output side of the supply.

That's well and good, you say, but what
if you don 't have an old train transformer?
There are a couple of reasonable alterna
tives--one , of course , is a Variac . The
other substitute is a multi-secondary low
voltage tr an sformer (or several sma ll
transformers).

Take a look at Fig. 4-a, it shows a
transformer with three low-voltage sec
ondary-windings (there could be more).
Th e re , doubl e-p ol e doubl e -th row
(DPDT) switches are wired so that the
leads from two of the windings can be
reversed . By the setting of the switches,
you can make the individual windings add
or subtract their voltages from the total
output.

For example, suppo se you have three
secondary windings for 9 , 5 , and 2.5
volts , With the addition of those switches ,
you now have a choice of 16.5 , 11 ,5 , 6.5 ,
and 1.5 volts. If you addaSP3Tswitch, as
shown in Fig 4-b , you' ll have three more
choices: 4 , 7.5 , and 14 volts. Of course ,
the specific voltages available will depend
on the particular transforme rs used and
the way in which the switches are wired.
If you use the multipl e-winding approach
to build a variable power supply, we sug
gest that you put the transformers, rec
tifier, and filter in a box.

Well, that's it Glenn. Now, there 's no
reason why you and every other experi
menter can' t have a variable power supply
on your workbench. R-E
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The professional breadboard.
(For professional, hobbyist or student.)

Call toll-free fordetails'1·800·243·6077ouring bUSinesshours

GLOBAL SPECIALTIES
CORPORATION
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Global Specialties' PB-203A Proto-Boards'
The solderless breadboard
that set the industry stand 
ard for speed, versatility and
convenience. With a capa
city up to twenty-four 14-pin
DIPsand three regulated power
supplies (one fixed, two vari
able), PB-203A features a large
array of sockets and bus strips
that emulates standard PC layouts.
Permitt ing instant insertion and re
moval of virtually any component from
the largest 01 Pto the smallest discretes.
Helping you design, assemble, test and
modify circuits almost as fast as you can
think! And built with professional durability,
for all types of applicat ions.

Our PB-203A. Only $174* (kit $149.95*) or
PB-203 with single 5V supply, $133.* One more
reason so many people say "Proto-Board" for solder
less breadboarding.
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