


but connected in series with the
resistors  in the calorimeters. In the
results of experiments #1 and #2, the
calorimetric  measurements have been
corrected to include the thermal
powers produced by the resistors
outside the calorimeters.

Table 1 below shows an overview of
the individual experiments. The lowest
resistances cause a rapid drain of the
battery (e.g. as in a flashlight) whereas
the highest resistances cause a very low
rate of discharge (e.g. as in an alarm
clock). The right-hand column gives
the thermal power produced in the
resistors with the rated voltage of
1.5 V.

# R / Ω P(1.5 V) / mW

1 1.35 820

2 3.85 100

3 11.2 12

4 33.4 1.3

5 33.4 1.3

6 100.0 0.15

7 331 0.014

8 1006 0.015

Results and discussion
Results from battery experiments can
be plotted in many different ways to
give different types of information.
Figure 1 shows the primary results
from all eight experiments. Note that
experiments 4 and 5, which were
made using the same resistance value,
produce similar results. In experiments
6 to 8 the batteries were not fully
discharged during the course of
experiment.

Figure 2 gives the battery voltage as a
function of the integrated energy
delivered to the loads (the resistors)
for all eight experiments. It can be seen
that these curves are similar except for
the two highest rates of discharge. The
final energy output of about 5000 J is
approximately equal to the rated
capacity for this type of battery. It is
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Figure 1. The primary output from all battery experiments (cf. Table 1).

Time, h Time, h

H
ea

t 
pr

od
uc

tio
n 

ra
te

, 
m

W

only with the two highest rates of
discharge that the rated energy output
from the batteries is not obtained.

Figure 3 shows how the decrease in
chemical energy in the battery may be
divided into internal losses and useful
energy in experiment #2. Note that the
internal losses rise just before the useful
energy production rate drops.

These measurements were made to
investigate the properties of batteries
during discharge. It is also possible to

assess the self-discharge rate of
batteries and therefore their predicted
shelf-life by measuring the very low
heat production rates when they are
not used. However these heat
production rates are normally so low
that it may be necessary to use a more
sensitive calorimeter, such as the
Thermometric 2277 TAM for this
kind measurement.
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Figure 2. The voltage of each battery
as a function of useful energy produced
(cf. the text).
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Figure 3. The division into useful energy
and internal losses for battery #2. The
front graph shows the heat production
rate in the battery (internal losses), the
middle graph shows the heat production
rate in the resistor (useful energy), and
the rear graph shows the sum of the two.
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Figure 3. The division into useful energy
and internal losses for battery #2. The
front graph shows the heat production
rate in the battery (internal losses), the
middle graph shows the heat production
rate in the resistor (useful energy), and
the rear graph shows the sum of the two.
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