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Orders of Magnitude POTATO POWERED COSMOS

ACONSTRUCTION MANUALst addvater. ByRachael Nee

Photo credit : Gorm Ashurst

Introduction: artist statement

Physicist Richard Feynman had a slortcdotecalledOde to a Flower in it he compares what an

artist can see, in comparison to a scientist, when looking at a flower. The aesthetic beauty the artist

sees, he said, is available to himself and tothiérs. However, a scientist can see many other layers,

F2N) AyadlryoOoS GKS woStdzieQ 2F a0NHzZO0dzNBE | YR LINRB O€

Is this true? Asrtists canwe only have a shallow appreciation of the nature of things& Ieck of
high levels of mathand physics too much of an inhibitoP&rhaps the answer lays somewhere in
the middle, the best of both worldwith art produced from bringing the two cultures together.
Starting with a statement, what follows is a construction manual lier artwork mae in response
to several days aCERN in 2015 with the support of art@CMS and University of the Arts, London.

You will be able to monstruct the installation and then take it forward with your own fresh
research, thoughts and ideashope you will finathis projectplayful and fun;and in the process
learn a little bit about thdertile territory around the interface o$cience and art, as did I.

In essence, lisedthe idea of the energy potential of a potato (as found in the CERMNeen) and
took it to absurdity. The canteen in CERN is an important meeting place, where scientists meet and
collaborate with others from all over the wotlglo the potato becomes, literally, food for thought.

Ay, CMS/1
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https://www.youtube.com/watch?v=zSZNsIFID28
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THE HYBTHOSISPotato Poweed Big Science

Scaleis unavoidable in CERN: scales at the extremes of space, time, knowledge, collaboration,
finance and energy. The website states tikiat 9 wbh dzaSa wmMdo GSNI g1 GG K2 dzNE
enoughpowertofud nnXnnn K2YSa Ay GKS | Y®é

Is there not a cheaper, more sustainable and renewable energy source to probe the fundamental
structure of the universe?

Building on published investigatiohd, tested the hypothesis of boiled potatoes as an alternative,
with the experimentPh NRS NAE 2 &t 20 3y2A (tdBRABSNBR / 2aY23aPQ

The Large Potato Field Array produced 5 volts and 40 milliamps for one hour theingserver
activated tests. These revealed several key events indicating fundamental fafrceure were
seen; from this we can extrapolatbe universe waobsened in a puddleFurther research into
feasibility requires scaling up thaotato Array. Evidence suggests that 11.13 X K of potatoes
could fuel CERN for an hour.

Alternatively, if eatenii KS SELISNAYSy (i Qa L2 (!l Gsk& sciestigtsifdr RdayJ2 6 S NI

THE ENER@¥Ydowering the cosmd?

ThePotatoBattery

Thehuge amount of energy needed to operate CERN is prodprtbminatelyby EDRn France at
nuclear power stationsWe will be workingtowards producing our owipower at the oppositeend
of the scalqorder of magnitude}; milliamps

In Experiment Iwe will work outthe best cooking time to produce the most current, theow to
assemble the attery cells In Experimen we will work outthe most efficiert arrangement of the
battery cells in parallel or/and series to operate the amplifier

Within the artwork the potato alsthas a use as another type of energy sourdéeod; carbohydrate
WT dzSt & Q /dci&nSsts koexperingeat, measure, theorise

KEY WORDS: CATHODE, ANODE, ELECTROLYTE, RESTERNNCE

Potato Battery Materials:

Copper sheet

Galvanized zinc sheet

Alligator clips

Wire ¢ red and black

Elastic bands

Potatoes(other fruit and vegtablesie. Lemois)
sddering iron and solder

wire cutter/stripper

pliers

multimeter

=2 =4 =8 =4 =8 -8 -8 -8 -8 9
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Photo credit: Gorm Ashurst

IMPORTANTDuring all the experiments please taketes, photographs or sketches. Jot down any
thoughts or ideas you may hawbdgy will be useful for the development of your own artwork.

Experiment 1

BOILING POTATQiS1316 year olds)

Use mtatoesof approximately230-250geach Each cell in the diagram is a slice of potato with the +
terminal being a copper plate, arlde - side being the zinc plate.

Note: If you build the full installation you can use any size of potato, just adjust cooking temperature
accordingly, for instance, two small ones can fit in one battery cell.
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Youneedto comparethe readings
of current values (microammeter
readings) and corresponding pd
across the battery (voltmeter
readings),on open circuitand when
C is quickly touched on to B, with
the amountof cookingthe potatoes
havehad.

There are two readings for each
event, a and b, in order to gauge
reliability.

TABLEOFREADING:

Amountof cooking OPENCIRCUIT BCONNECTHIDC
pd acrosshattery [V] pd acrosshattery[V] [ * 10%A [micorA
RAW A A A
B B B
Boiledfor 4 minutes A A A
B B B
Boiledfor 8 minutes A A A
B B B
Boiledfor 12minutes | A A A
B B B

Makeyour own conclusionsaboutthe suitability of potato samplesyraw or cooked.

Assembling the€ells

1. The Metal

a. The zinc acts as the positive (Apde andthe copper as the negative) (cathode.
b. Cut the metablatesto size (10 6cm)

2. Assembling the
a.

individual cells

instead of one large also)

b.
C.
d.
3. Wiring

al 1S

adz2NBE GKS WwOStfQ

Cut the ends of the potatoes off along the longer side (you can use several small

Sandwich between one plate of ziand one plate of copper
Wrap 3 elastic bands around as tightly as possible

Al yRE dzLINR 3K

a. Crimp or solder alligator clige both ends ofred and black wirg of at least 20cm.
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Experiment 2

ARRANGEMENT OF CEdrlapprox 17 year olds)

Both TEST 1 and TEST 2 requirel.5v cells. TWO are needed for TEST 1 and FOUR are needed for
TEST 2.

The potatoes (or other fruits/vegetables) need to be arranged in the best possible way in order to
be as useful as possible.the artwork Potato Powered Cosmgshe potato array is a combination

of series and parallel connections. (Energy for the LHC and for CMS is not provided by potatoes! It
comes from EDF and generators in France.)

TEST 1

1. Set up the circuit abov&.erminals B
and C are initially not connected.

2. Record the voltmeter reading when
B and C remain unconnectedvhen
the push button switch is not closed. T

3. Now touch C on to B for a short time T
(or push the push button switch) B C
just long enough to record th
current (i) reading on the ammeter ?‘j
and the pd across the cells (V meter
reading) - readings a) in the table.
ENSURE THAT THE CONNECTION
NOT MADE FOR LONGER THAN

ONE SECOND OR SO.

1. After a short time, repeat. These are readings b) in the table.
TABLE of READING®0 1.5v Cells in Series

OPEN CIRCUIT B and C CONNECT B and C CONNECTE

pd across cells\] pd across cells iincells N
a) a)
b) b)
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Analysis

The cells each have some resistance. All

components do. Theseesistors are not
shown in the circuit diagram above. If they
were shown, the circuit diagram would look
like this:

The voltmeter connection can be "seen" as

being between X1 and Y1, or between X2 an

Y2. X1 and X2 are the same points electricall Y,
Soare points Y1 and Y2.

Question

If each cell has an emf (maximum voltage possible) of 1.5V and an internal resistance of 0.5 ohmes,
what is the maximum current which could be in the circuit above, when B and C are connected
together, in effectshorting' the battery?

TEST 2

Now connect FOUR cells together as shown

—
—
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Repeat the procedure as for TEST 1.
TABLE OF READINGS
Two Lots of 3.0v Batteries Connected in Parallel
OPEN CIRCUIT BandC BandC

CONNECTED CONNECTED

pd acrosdatteries [V] | pd across batteries |i in cellgA]

L

a)

Analysis

Each of the four cells has a resistance associated with it (called internal resistance), so the circuit
should really look like this:

Itis the same pd!

i
1
r B C pd is pd across left-hand battery
XY and pd across right-hand battery.
ﬁr

X
.
r
flﬁr
b4

Question

If the emfof each cell (maximum voltage across each) is 1.5V and each internal resistance is 0.5
ohms, what would the maximum value of the current (i) be, when C is connected to B? (Remember
the resistances 2r and 2r are connected in parallel, and therefore theetyattas a combined
resistance of r! This is probably about 0.5 ohms!

COMPARE THE RESULTS OF TEST 1 AND TEST 2.

WHAT IS THE ADVANTAGE OF HAVING TEST 2's CIRCUIT AS OPPOSED TO TEST 1's?

(IN OTHER WORDS, WHY USE FOUR CELLS WHEN THE OPEN CIRCUIT PBBACRERIEBOT
(OF TEST 1 and 2) IS THE SAME?)
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Other Experiments you could do

1. How long will the potato last? Make a graph of current and voltage over a few days to see
what happens KEY WORD®XIDISATION, REDUCTION
2. What other vegetables or fruits coulde use® Why is there a differenc@ Why does
cooking a differenc@ KEY WORD: ELECTROLYTE.
3. Try different metals to see the differencen current for instance stainless steedr brass,
KEY WORLBTANDARD ELECTRODE POTENTIAL
4. How many boiled potatoes wouldA G G 1S G2 WLR g EKEMWORR Az T2 NJ
CARBOHYDRATHLOJOULES

THEEXPERIMENTWiScovering theCosmo<£2

PuddleUniverse

In the experiment weereate the cosma@n a puddle by using @heremin or Signal Generator
amplifier and speaker. Thiseates a variety of patterns through standing waves; this in turn reflects
some of the fundamental forces of nature, the discovery of which is an aim of CERN.

KEY WORDS: STANDING WAVES,\VBAVMES, NODES/ ANNODESFREQUENCYIBRATION.
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Cosmo<£xperiment materials

Kemo DC amp (€\M.2\)

Cable with 1/4in jack plug and phono connector (amp to theremin)

Theremin

Loudspeaker

{A3ylFf DSYSNIG2NI 2NJ G2yS 3ISYSNIG2N WILILIQ R24
9v batteries, snap battery clip

Latex rubbe sheet (enough to cover speaker so it overlaps)

Water and other materials with different viscosities, for instance; runny and solid jelly, oil,
fine-grained sand.

Ear protectors (for high frequency)

= =4 =8 =4 - -4 -4 =9

=

. The Thereminis a musical

The Theremin instrument (often heard in

old science fiction movies)
that is operated by proximity

and position of the musicians
hands. Within the installation

its role is to be activated by
the presence of a

viewer/observer, this

wo2YLX SGSa 4K
make the sound that creates
the standing wavepatterns

For avideoof how a Theremin
works follow this link. -
http://bit.ly/230D36b

Key words: Oscillator,
Capacitors
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The Amplifier Question:

Why does the artwork use a D
and not AC/DC amplifiet

The Speaker KEY WORDS:

OHMS, WATTS, MEMBRANE

EXPERIMENT 3

Explore different frequencies by sing a Thereminsignal generator or a tone generator
downloaded onto a mobile phone or computer

Connect the peaker, amplifier (powered by 9¥attery) and Theremin or Signal generator.
Put on the latex membrane and tighten so surface is taut.

Cover latex with a layer of water extending ndg to the edge.
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1 If using signal/tone generator,un a sinewave upand downfrom lhertz (1 Hz = 1
second), wear ear defenders if it gets too loud.

1 Explore sinetriangle, sawtooth and square waves, is there any difference?

1 If using a Theremin experimérnwith volume and pitch by using your hand or body in
proximity to the antennae of the Theremin until. (See front page imagéjow far can
you stand away? What movements can you make? What difference does a group
of people make?

1 What happens if yowsemore water?

EXPERIMENT 4
Materials.

1 Experiment with different materials on the latex; oipaint, different viscosities of
jelly, cornflour and water,sand, what else can you find?

1 How about different materials at the same time? How do they interagith each?

1 Try different surfaces;does the tensionof the latex make a difference,what
happens if yousubstitute shallow plastic bowls, or another rigid surface.

1 What other ways can you explore the materials?

OBSERVATI@Mbserving the cosmos.

The Observation part of the installation references CERN inthieadetectors can be seen as giant

camera. The camer#n the artworkhas been set up to show all the different measurements used in

making the image, for instancéstter speed and apertursize, all measurements concerning how

0KS OF YSNI W2 0 &h8 MagSfiing light inreadey thedsBalp of the standing waves so

they can be seeand the digital datainformation is not seen directly but mediated through the

monitor. This is a g@rallel to CMS where all datafrom the experimentshA & a4 SSyi ANMB QWRFK |- €
screens in the Control rootmut the experiment is not observed directly.

Observatiomrand measurement are important concepts in quantum physics. It statesthe act of
obsewring changes the outcoméise object observed

Does the observer have to be human? If metal kitchen unit is used, this too
Oty 0SS WLXIFI28SRQ o0& G2dzOKAy3a GKS YSGlF €
¢ K S NBwithithé QR code:
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The Observatiostationg equipment

Magnifying lamp

/' ' YSNIY & A (K cahtokdgrS
to project in realtime.

Monitor/TV

AV cable

Stainless steel kitchen unit.

Human (preferably potato powered)
The speaker amp experiment
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Assembling the wholmstallation

Assembling th&heremin, Amp and Speaker

1
T
T

SPEAKER
a) Put speaker, Theremin and amp onto kitchen unit.
\ b) Connect amplifier to speaker
\\ THEREM IN c) Use cable with phono and % in jack to connect
\J Theremin to amplifier.
ame .
1
ﬂ'!‘TE \
0000

Arrange the potato battery array in configurat alreadyworked out, Attach latex sheet to
speaker with elastic bands around circumference, manipulate it to make as taut as possible.
Attach magnifying light to unit

set the tripod up with the camera facing down through the magnifying lamp

connect thecamera to TVimonitor

LGiQa NBOKIFNBSIFofS (G22H

Wirea 9 volt battery into the potato array circuit for an hour or two, (then remove) if not enough
energy is being produced to make standing waves. You will find your potatoes have been invigorated
to work again. Why is this?
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Eventually the battery willnb 2 Yy 3SNJ LINP RdzOS Sy2dzaK SySNHe& {2 Nizy
opened (after four days) to reveal the potato has turned a beautiful blue on the coppeNVgic
reaction has taken place?

Openedusedo | GG SNE WOStfQ akKz2gAiy3d O2
RESEARCH

In preparation for working on your own art reseatahd artworksl have written the following about
the process of how | approached makigtato Powered Cosos.

Art Research

Making the artwork trted with looking for answers to questions that came up as a result of the
CERN visitmaterial collected during the visit, including photos and talking to peaptithen tying

those together with myown researchnterests. Potato BweredGosmos was not the first idea, but a

result of rejecting other false starts, deathds and things unfeasible in the timescale givenust

simple loss of interesiThis is a normal part of the process; ideas rarely comefiuliyed. Working

GAGK YR YI yALdzZ QY 3 £ Yal20 KNEK ILgaa OWNESH yifSa ySg ARSI

QX

1. What were themainquestion®

a. How to overcome the problem of having limitedcientific knowledge and
understanding of the subject

b. How to make a physical/materiattavork from the seemingly immaterial and data
heavy subject matter.
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2.What are myart researchinterests?

® oo o

Energyentropy,

Matter and materials

Process and experimenver finished product.
Art Installation as research experiment
Using science toreate afiction.

3. Collectingresearch- my Cern visit - areas of interest to develop

a.
b.

Se o

Website researchenergy and CERN has an environmental cost.
Audio- Mains hum from transformergn CERNhfluenced me to use sound.. (get
audio from cern?https://www.youtube.com/watch?v=QhE50Sp0aHE
i. Research sine waves, Hertz, KHz
Human element;
i. Importance of restaurant as hub
ii. Talk with theoretical particle physicist and others.
iii. Fabiola Gianottr talking about cooking and music and its relation to
science
Scaleg Orders of Magnitude
i. Fundamental particledields and forces cosnic scale
Combining systems/networks human and scientific machine
Parallelbetween LHC energyseand people energy.
Rehtionship between energy used at CERN and environmental cost.
Relationship between experiment and theory

1. TheProcesg; interrelation of theory, research and experiment
The Whiteboards showing progression thie idea and sticky notes of key words, terms and quotes.

Figurel. Progressiorof idea Figure3: key words, ideas and quotes sticky note board and detail.
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Figure4: Drawing - working out the interrelated systems of Cern.

Experimentingwith materialsand equipment

| experimented and made many videos with different materials and soundwaves
Experiments 3 and 4. A video compilation of materials research can be found usir
QR code.

The installationcontinues to be an ongoing procesiresearch.Below aresomeimages
of the veryfirst experimenton jelly, then lycopodium powder, througko arecent

f SY2y Wikelkbokleteh8swith the discovery of a window intthe early
universe found in a usedbattery cell PotatoHubble

oving matterby so-u'ndrjelly Lycopodium powder
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Lemon ‘upgrade’ to test for increased voltage and current

Science and\rt

Science an@ontemporaryart havesimilar methodologiesnvolving;investigation, research, testing
out of ideas and theories through experiment.

In both there is an wgoing dialogue between experiment and theomin example of this
relationshipin the proces®f making this installation The goblem: Sine Vélve generatoistoo loud

to be sustaimablein a publicspace Research letb Theremin(overconing high Khz noiseyhichled

to interactive natureof installation led to changed material use as only wateuld be vibrated with
Theremin.

ART PROJECQIWORKING WITHOUR RESEARCH AND IDEAS

Throughout the experiments phase of this project you will have been taking notes, photos, sketches,
you may have found that ideas bubbled.)ou may have thought efays in which you would like

to changethe experiments, do them in a differdgtor concentrate on one element and research it
some more.
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