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Abstract | { fo- Q“‘P\
Fom T
/

In this research task I investigated how the M temperature surrounding g battery
- N'L / will affect the power the battery is able to give out. I carefully planned and @@J

implemented the experiment following safety regulations and keeping the test fair.

In the project I placed different types of batteries in a hot water bath and using multi-

. W meters and a kettle I was able to record the temperature of the water, voltage given off 5
by the battery and current running through the circuit. Using the equation P= IV I was
/ also able to find the total power given off by the battery at different temperatures.
v\ From my results I was able to see that the external temperature will affect normal
: o domestic batteries but not a long lasting fire alarm battery. This was clear to see from
(W\Affx N my results and the graphs as the poten@ifference given off by a normal battery was C
v

S " quickly reduced as the temperature of the water surrounding it increased. The fire

k¥ alarm battery however didn’t change voltage out regardless of the temperature

I put this down to the fact that normal domestic batteries are made to work in the
household for a short period of time and are usually kept at around a relatively small

“ .
7 range of temperatures. The fire alarm battery however is made to last for several years .%wuf \\“( \

\kdv
&

(A

and with this in mind it has to endure the cold temperatures of winter and the hot ‘i\ o
temperatures during the summers and therefore can withstand these temperatures ot \\K\\\y

[

changes to give off a constant power.
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Ore Ladele Physics Extended Essay
e WWW; )
Introduction e
trod M,,» \V“’M
In this essay, I will be exploring the thesis of how by changing the external
temperature surrounding a battery, the maximum power output may or may not be

affected as a direct result. I have chosen this particular topic for my essay, as I am ¢ -
- e

particularly interested in the conditions that determine whether objects work at their o el

optimum or minimum. In this case, Lhave chosen to research the battery, as it is a
common household appliance that is vsed to fulfil the basic service of providing

electrical energy across the world.

NG )7 In order to investigate how the temperature will affect the power that is output by the
-~

(Jorgne

battery, I intend to change the surrounding thermal conditions of the battery and
monitor how the voltage varies, assuming that the voltage changes as a result. I expect
the quantity of voltage to change because as the temperature increases or decreases,
the kinetic energy of the molecules within the battery also increases or decrease. This

means that the electrons that are drawn out to provzde the current ¢ collide w1th

[ ——

temperatures. %\l VS By w Lo
TS PV . R'%
/ — %0 \\N\Qasﬂ% \’\ b
AOVE

Furthermore, I intend to keep the current flowing around the circuit, which will be

different frequencies, thus altering the internal resistance of the battery at dlfferent J\(

e ac e
connected in series each time, constant regardless of the temperature. As a result of
W\Q LN\F
this, I can assume from the equation: W3.0K
Potential Difference (V) = Electrical Current (I) x Resistance (R), /
W) 1 Current (1) 3 ®), ,

that the voltage. fluctuates due to the ‘ghagg@s___mvhﬁt@_ﬂgg}g’%mal resistance.
Moreover, from ‘this I will be able to deduce the affect of the batteries power output
as:

Electrical PoWi Difference (V) x Electrical Current (I),

and if the voltage changes then so also most the total power output.
1

- N
From this experiment, I will be able to deduce the optimum temperature for the
battery to operate at and I will be able to draw conclusions as to the reasoning behind
this. At this moment in time, I predict that most batteries are likely to be tailored to

perform at their best in normal room temperatures, and therefore if they are heated up
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excessively then they will begin to 'give out less power. | am predicting this because
batteries are used in everyday household appliances and we are told to keep them

stored at room temperature and pressure (RTP).

During my investigation I plan to use a range of different type of batteries with
different voltages and with difference purposes to see how each of them react to the
changes in temperature. This is to ensure that [ do not make generalisations for all

types of battery, but I am able to reason well according to each specific type.

During my experiment, I know that I will have limitations, which may prevent me
from bé?:E able to collect accurate data. For example, I will not be able to be
absolutely sure that the time I have left the battery in the water for long enough for the
mglgggies to react to the change in temperature. I also know that I will be unabie to
ensure that I control the temperature to produce fair and regular intervals when
increasing the temperature of the water. I do feel however that this is a negligible

Jr——

factor when collecting the data for the experiment and it should not affect the outcome

[R— "

of the results.

«\o\a»\,u:‘-'\ Coadrnd  vapie chana \M’v\_.p“_\}\ﬁ u&,q{k R (aw%)'
o vl ey U e gr'(' Al wn )

3‘7 }r&-ﬁ\tﬁl }/2..
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Main Body

Prediction

A7 N 1 predict that my experiment will prove that as the temperature of the battery "”!(\i }_,;"‘

o X

f"\: ol \g“" increases, the maximum power output by the battery decreases. I also predict that the S
s~ . .

optimum temperature for the battery’s performance is somewhere around room wr

temperature, as batteries spend most of their shell life operating at room temperature.

Equipment " :;2@
' Two Crocodile Clips AAA Battery 7% f}
Cu X Eh ’ o ¥
" e Two Wires W 6V Fire Alarm Battery A
‘»pﬂ o Multimeter — )f,q- Kettle fv}/
. - "7
%&{*wg; 9V Battery Bowl R Dy
U‘::; o AA Battery Stopwatch (¢ )
PN .,.‘9” Thermometer = ™ ’
M o - e & S LW Byp
Ty 5D YL
Variables
Dependant: Power, Type of circuit.
Independent: Temperature of water, Types of Battery.
S |
Controlled: Current.
1 J
2
W
x oMy o Safety Measures
o Y

W
- 03‘3, + Lab Goggles will be worn at all time to protect eyes from hot water if it splashes.
f};\w& o Current must be kept low to ensure we do no overheat anything in the circuit and

blow it

ok
AV “a
e M

< y”'\“”ﬂw
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e

Method | r

11 set up the experiment as shown in diagram 1:1"

2. I put the battery into a bowl of water while using a thermometer to calculate
the temperature.

3. Ileft it in there for 2 minutes to allow the Winside the battery to
experience and subsequently react to the temperature change.

4. 1 then recorded the voltage and then changed the temperature of the water by
adding boiling water to m eannl Lo ! (omygm oy )

5. I continued with the process and continued to record the voltages at other
temperatures to see if there was any change in the voltage output by the
battery, as a direct result of the changes in temperature.

6. I repeated my experiment to obtain three different readings each time and

recorded my average results. These were then plotted on a graph.

Using the formula: Electrical Power (W) = Potential Difference (V) x Electrical

Current (I), I believe that the voltage is directly proportional to the power as a result

of the current remaining constant. - e SY
¢ - Ve |
Results |
m S o 4“(”0\ Lin \‘t)J‘
The AAA Battery | SV | " <
N
. \1\?‘;\"‘? T /

BATTERY: AAA \ A Graph to show the relationship between W&\\
Temp. (°C) P-/Q {\QV olts) temperature and woltage in an AAA batiery. Lo Zﬁ.,. »
+20 4/1.36\ a¢ _ 138 N v “ﬁ’i-’

2 1.34 \V“J{
+45 f+135 \ 2“132 -

g5
+50 +1.33 \ 55 13

S 128
+55 +1.30 £

2 126
+65 26— 1 & 12

%)\ 0 20 40 60 80%
TQL'Q ’ﬁ %NM Temperature (in degrees Celsius) _

' See diagram in Appendix
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The AA Battery
BATTERY: AA
Temp. (°C) | P.D. (Volts)
+20 +1.60
+32 +1.60
+45 +1.58
+53 +1.55
+60 +1.53
?\6: 2o 4
The 9V Batter /

‘

Potential Differenece (in
Volts}

A Graph to show the relationship between
temperature and woltage in an AA battery.

161
1.8
1.59
1.58
1.57
1.66
1.55
1.54
1.63
1.62 4

0 20 40 80 80
Temperature (in degrees Celsius)

C’Lﬂ.m'l,d"‘ ?é

BATTERY(9V /

Temp. (°C) “P/TD_ (Volis)
+20 /+7.81 \

\\
+33 780
+45 +778
+50 +7.76
155 176 )
+65

Potential Differenece (in

A Graph to show the relationship between
temperature and wvoltage in an 9V battery.

7.82
7.81

7.8
7.79
7.78
7907
7.76
7.75
7.74
7173 +

¥ 20 40 60 80
Temperature (in degrees Celsius)

Volts}

.

Page 8 of 16




Ore Ladele Physics Extended Essay

v\;fﬂ

CAS -

\M
The 6V Fire Alarm Battery < i

"R

BATTERY: 6V FIRE ALARM A graph to show the relationship between
Temp. P.D. (Volts) temperature and woltage in an 6V fire alamm battery.
(C) L7
+20 +6.22 5 8
8 s
+31 +6.22 5 ~
£g¢
+44 +6.22 5393
+51 +6.22 g 2
a8 1
+39 +6.22 £ 9
+65 +6.22 0 20 40 80 80
Temperature (in degrees Celsius)

H
Interpretation and Justification of Results

Interpretation of Results

From thesg results, ¥ is fair to conclude that as the temperature increased, the
AV ool
maximum power output of the AAA, AA and 9V batteries decreased. Furthermore,
e T
the power output of these batteries all decreased in an extremely similar fashion by
similar amounts each time. However, the 6V fire alarm battery gave out the same
power throughout the experiment. The optimum performance of the AAA, AA and
9V batteries was at 20°C, whereas the 6V fire alarm battery maintained a constant

performance level.

How a Battery Works

Batteries convert chemical energy into electrical energy. They consist of one or more
voltaic cells, which in turn consist of two half-cells that are connected in series by a
conductive electrolyte. One half-cell is the positive electrode while he other is the
negative electrode. The current that flows in a circuit is passed through the electrolyte,

as this is an ionic subgstance.
. . M
~
\9‘2;\,,;{:

N3O
el
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The value of the resistance of an electrolyte decreases as the temperature of the

electrolyte increases. This is because the ions in an electrolyte gain kinetic energy as -
‘@“Ai:)(‘w the temperature increases, as the particles as more active it is easier for electricity to
e : ..
2Y flow. This means that as the temperature of the electrolyte increases, its conductivity
also increases. I found out that: o - L
/7 e = G A
/" . g,,w v _E
Electric current (I} . lensth (L) == () A
Conductivi = s
eI = ottaes (ED Area (8) +
1 ¢ = 7

!yj M Therefore, if all the factors in the equation, except for the conductivity and voltage,
W are kept constant, we can see that for the conductivity of a material to increase, the

voltage across the material must decrease. Furthermore, I know from the equation:

y Potential Difference (V) = Electrical Current (I) x Resistance (R), that if the voltage
&>

U"’;\») 1 decreases at a constant current, the reasoning behind this must be that the resistance of

W the material must have also decreased.

I can, therefore, deduce from all this from aJl this information that as the temperature
7 of the electrolyte in a battery increases, its resistance of the substance decrease and so

w7, alesser voltage is needed to push the current around the circuit.

MMW'V / -

Justification of Results

I believe that the reason for the AAA, AA and 9V batteries showing the decrease in
power is that these are domestic use batteries, which are tailored to operate within the
home at room temperature, over a relatively short period of time. For example, some
common uses of these batteries would include household appliances and children’s
toys. In domestic use batteries, their insulating properties are quite poor start to
deteriorate with a rise in temperature and so as I increased the temperature
surrounding the battery, the temperature of the electrolyte would also increase. As'1
previously explained, when the temperature of an electrolyte increases its resistance
decreases and so a lesser voltage is needed to push the current around the circuit.
Following on from this, using the equation: Electrical Power (W) = Potential

Difference (V) x Electrical Current, I can surmise that as the voltage decrease across

\§

the circuit, the power output by the battery must also d% considering that the

Page 10 0of 16



Ore Ladele Physics Extended Essay

current remains constant. Therefore, my experiment shows that in AAA, AA and 9V
e —— i

batteries the maximum power output decrease as the temperature increases.

The maximum power output of the 6V fire alarm battery on the other hand, remained
constant. This type of battery are tailored to be used in fire alarms for up to five years,
as this therefore would mean that it must be able to withstand the various weather
changes as well as high temperatures when there is a fire. In my opinion, the 6V fire
alarm must have better insulating properties than the other batteries as the battery
must be able to withstand the heat of fires to power the alarms. Therefore, an increase
in temperature would not mean an increase in the temperature of the electrolyte within
the battery. As a result, the conductivity of the electrolyte would remain the same
throughout the experiment, and following on from this, there would be no change in
the electrolyte’s resistance. This is why it has been able to maintain a constant voltage
throughout the experiment. Therefore, the battery was able to maintain a constant
power output throughout the experiment. However, I believe that if the temperature
were increased to the extent so as to exceed and overcome the insulating properties of
the 6V fire alarm battery, then the maximum power output would decrease in a

similar fashion to the AAA, AA and 9V batteries for the same reasons.

—  dAag A?lmx%w - thiiaa, “ Mg, "bm&kbxwo

(MM
) A
M”S’w

o )

e
oy “MM Ve R ~EINRYN (w..”i‘ WWWWIMW&CJQ)L(Q&;

— o m\m“\;u.‘ak {&Waw‘..) -Mwhbaﬂi
v m&m\w&m‘,\ <A Mg CM‘.W\»:&'M\ '}

N Vo e danna Wab C"‘"“\(Wu‘& A “’""\’Y\MMB, 3

i

\W\&"‘ CM%L cmkm\/\“u}\
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Conclusion

From my resuits I can conclude that if you change the external conditions effecting

domestic use batteries then you will be able to control the amount of power the

battery will give to a device. From my graphs it is also fair to assume there is a strong
relationship between the temperature of the external conditions of the battery and the
power it gives out if the battery is a normal domestic battery. The 6V fire alarm
battery, on the other hand, doesn't follow the same principle because of the purpose it
was tailored for. I have concluded that this is because of the insulation of each type of
battery it would seem that fire alarm batteries are better insulated and therefore last
longer and a lot more expensive whereas normal domestic batteries aren’t insulated

because they are used frequently and disposed of.

Others however have tried to argue that this is not the case. For example on the

Duracell website it states “The reliable energy source of Duracell Plus AA/AAA now

lasts even longer than before.””® Now in my experiment its shows that batteries are not

a reliable source of energy if they are taken out of their range of comfort but batteries

manufacturers will tell customers that their pr10duct is great in all conditions just to
La]

sell. It also says “Duracell has a freshness guarantee of 7 years and guarantees
N

performance during that time. As there are thousands of various devices and usage

»* Now this states that the

there is no one performance life expectancy that is given.
Duracell batteries will be able to withstand varying conditions over the 7 years of its
guaranteed freshness, however I feel this is a false promise because the experiment
has proven that batteries made for domestic use are unable to withstand these

conditions.

./

<

* http://www.duracell.com/uk/products-detail-plus.aspx site checked: 9.45 21st January 2009
* http://www.duracell. com/uk/fag.aspx#falkaline site checked 9.51 21% Jaml‘}ry 2009
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Evaluation

Suitability of Method

In my opinion, my method was very suitable for this experiment. I believe this
because the repeated results were, overall, very close together. Furthermore, I believe
that my results as they proved my prediction by displaying the same pattern. One
criticism I have of my method is that as I was unable to prevent energy escaping into
the environment as I did the experiment this would have therefore meant I would not

have been able to control the true temperature of the molecules within the battery and

as a result not be able to draw definite conclusions on how much the potential
difference would drop depending on how many degrees the external temperature was

from room temperature.

Limitations of Method

As I previously explained in my introduction, I experienced some limitations in my
experiment that prevented me from being able to collect accurate data. I was not able
to be sure that the time that I left the battery in the water for was long enough for the
molecules to react to the change in temperature, however, I did Eave all the batteries

in the water for an equal amount of time each so that al} the batteries would be

affected fairly. ( Mo Vit \

MWW\ A Crpang, k‘w%\ Qm\cLMc‘w'wz\‘b)

[ also was unable to control the temperature to produce fair and regular intervals when
increasing the temperature of the water. To improve this limitation I may have looked
into controlling the temperature of the surroundings so that the amount of energy lost
to the environment was minimised. For example I could have put the experiment into
an air tight container to prevent convection currents which would cause energy to be

lost a slower rate. I do feel however, that both these issues are negligible factors when

collecting the data for the experiment and that they did not affect the outcome of the

results.

y
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Reliability

I also think that, overall, my experiment was quite reliable. The close results among
my repeats show that if somebody else were to repeat the experiment in the same
manner they would obtain similar results to my own. Furthermore, the repeat in the
pattern displayed amongst some of my results showed that is extremely likely that the
relationship I was trying to prove existed. The only problem I would have had with
my results would have been in the amount of error each of the instruments I used
would have had. For example the thermometer I used only measured in one interval

V‘”&‘hub\

which would have meant I had a £0.5 error for that instrument. My multimeter

.

however was very accurate and measures to 0.01 of a volt which would have meant

that my error would have been +0.005 for that instrument | _—
SO oY e ™ PP VARY PO,

(2% 0.0V - ok
5 Neacks

C vrvaaa

Assessing the Validity of My Conclusions

I think that my conclusions are valid in terms relationship they show. Having judged
the reliability and accuracy of my result, and assessed the limitations of my method, I

feel that the overall uncertainties in my experiment are not particularly significant in

the ifalidity of the conclusions that I have drawn. Therefore, I believe that as the
internal temperature of a battery increases due to an increase in temperature of its

surroundings, the maximum power output of the battery decreases.

welkb - MM\}—{ Cedinnn S run, (DM

Furthering my Investigation

In the future I think that to further this investigation I should research into whether or
not temperature is the only thing that will affect the power given out by a battery. For
example 1 could research into how gravity may play a roll in how a battery performs
and whether or not the power given off is affected if the battery is at a high or low
altitude or is stationary or falling. I could also simply further this investigation by
looking into how if I change the temperature in the other direction the power giveﬁ
out ‘by the battery will change, Wiil it increase as the temperature continues giving“ a
straight line graph or will it decreases and show a maximum point for each battery to
be stored at. I feel that the 6V fire alarm battery however will be unaffected by the
temperature change even if it was reduced info the minus’.
/
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