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Do It Yourself Guide Part I :
How to Build a Diffusion Cloud Chamber
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See the DIY Guide Q’L{rt IT: Observations cZ discussions

Any comment or suggestions ? feel free to contact me at juliensimon.ujf@gmail.com
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I. Introduction about this experiment

Why ?

To reveal an unvisible world to the naked eye. Reoan show that radioactivity is anywhere.
We can realize how the nature is beautiful trodghdomplexity of the events we can observe
with this experiment, made with very simple materialhese events come from natural
radioactivity or from cosmic radiations emmited d¢igrs in the farthest reaches of the visible
universe. Cost price, now optimized by our previoesearch, should be a couple of hundred
dollars.

What can we observe ?
Any charged particle which interact in the layerdetection. It can be electron)(groton (p),

alpha {;He”"), muons ("), and positons {& Neutral particle (neutron, gamma, Xray) are
detected by the production of secondary chargetic|es, when they interact with matter. See
the DIY Guide part Il for more information aboutahear events.
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Alpha particles close up

Gamma annihilation into e*,e

Where does this project come from ?

After having visited the Visiatom in Marcoule, Fcan | saw the Phywe PJ80 Cloud Chamber. |
never thought that it could be possible to reaflg selativistic particles ! The quality was so

amazing and the experiment so exciting that | etiatd think to build one. But the price (48k€)

was the problem.

Some alpha track in the PJ80 Phywe Cloud Chamber, Marcoule



Many cloud chambers were built on Internet, andexuired dry ice. | wanted a transportable
setup without being limited with the dry ice suppls | know well the behaviour of

thermoelectric cooler, | started (17/03/2010) token@ome test to determine the maximum
negative temperature achievable. (The experimezdsat least -18°C to reveal particles). First

tests were poor it was possible to use pelf@rdhermolectric Cooler (TEC)).
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My first particle...

| meet Rich Olson after watching one of this videnYoutube, about a peltier air cooled clpud
chamber. After 50+ emails, | finaly made a protetyporking with air, thanks to his adviges.

He’s making fine cloud chamber for sale now. Yon ozet him at :
http://www.nothinglabs.com/electroniccloudchamber/

L

Rich Olson’s Cloud Chamber

One of the problems was to fix the electric fidldthe beginning | used a Wimhurst machine
for the high voltage. Other problem concerned tla¢npaste, to determine which was the best
(the costly one didn’'t performed as well as lowtcose) to achieve the most negative

temperature.




Ear[y designs...
After one month | was close to the final setup :

Cloud chamber V1 (2 peltiers)
| observed most of my nuclear events with the \(qiype.




Then | had time to build the V3 prototype (6 pek)epresented here.

General Setup

The glass container measure
13x9x9cm

i

Wood box for radioactive Interaction surface (seeing of
sources particles) at -30°C: 12x4 cm

Felt or cloth support to contain the alcohO

PC Power supply
NSl e N Y

: : Yellow wire = 12V
Nylon supports to move the chambd@ Switch for Leds and High Voltage Red Wire = 5V

Black Wire = Ground

List of material

(This list may have miss some items ; look at esettion to have the precise amount of
material needed).
_A computer power supply
_Some glass to make the chamber, glue to make fiaguia
_ Lot of copper wire (big wire such as 1mm thick)
_Approximately 40, 3mm white led and switch, wHiatafix
_3 heatsinks (for CPU’s computer) and 2 fans witiderate air flow + 2 fan grids
_Dozen of high voltage diodes and high voltage cipa
_Electronic high voltage power supply
_Some piece of wood, plaster of Paris (slow culele gun, and soldering tools



_ 3 female molex to connect the power supply tcsttap

_Dealextreme thermal paste and tools, thermometers

_The most important thing : ultra black plastic bag

_Good quality peltiers

_One liter of acetone to clean the peltier andnia¢grease, cyanocrylate glue
_Neodymium magnet, radioactive sources

_ Knowing the theory of peltier, and cloud chaml@&ty Part Il)

__ Patience and time.

Overview about the materials

This DIY guide will explain you how to build a V3 ¥on Cloud Chamber. The cost of
research was about 700$, but it will cost you drl9 or 200$.

Your best friend isittp://www.dealextreme.com/

This Chinese website (among other such as Focea)salls useful tools at very low price. The
shipping is free and time of shipping is approxetis to France.

GV McAfee SECURE
= TESTED DAILY 26-MAR

=== dealextreme
S IR AT LB SICE

7 =

Welcome, Login | Join Free ¢ Help @ My Account @ My Cart - Checkout

X DealExtreme » Electronics » DIT Parts & Components
0 Sub-Categories
e DIY Parts & Components
Chargers Electronic DIY Parts and Components
Keyhaln Gédgris 155 Deals Total
Flugs & Adaptors
Professional Tools 12345678910 Mext Fager Wi
adgets
gotopage [ 1| show 20032/40/52/100 per page .. sort by rel
f ‘
GPS Gadgets
S5C P7 W724C0-BSYPL Red Laser Module - Repair Parts Replacement 12y 75-LED White Light
Computers L4 3.6V~4.2Y 12W LED Focusable Dot (3.5V~4.5v Laser Disc Reader Module Strip (S0cm)
- Emitter (Bare) 16mMm Smi) for SCPH-7000 Series P52
Electronics 3
Car Accessories 3
: AR (5 reviows) R (56 ravisws) SR (4 reviews) Y (16 reviews)
Hobbies & Toys 3 $12.62 $3.95 $8.11 $10.44
Cell Phone ] fres shipping free shipping free shipping free shipping
Flashiight Parts s Took » R Lasers » PlayStation2 Accessaries s Gadgets & Auto Parts
Video Games »
Flashlights / Lamps  » ~
Lasers ]
iPhone & iPad 3
Home & Office 3 |
Apparel » O
DIY Parts & Tools » y
Others » Charge/Discharge 3W LED Emitter on Star 1M Black Heat Shrink JST Cables (10-Pair)
Protective Circuit Board for (Multicolored RGB)Y Tubina - Five Size Pack

This guide can be upgraded with other ideas. Youncake your own research to determine the
best part needed for a working system.

regret it I‘ you !ont use g‘oves. ‘ nee!e! a”!!NEE!S to recover my I!an!s.

It can also dissolve paint on tablecloth, make naarkvood...
But it's a wonderful solvent to clean everythingesially the thermal grease

Before starting the construction, be sure to thalguide entirely in order to make a preci
list about the quantity of material needed. Yowmkso improve each section with your o




Principle of Operations

Temperature on surface
expected :-30/-40°C Y
P _Peltier 2 at 5V, 2.5A

Cold plate pettier 2 1 —Peltier 1 at 12V, 6A
ACULLIGIEL I Heatsink plate for CPU
Cold plate peltier 1 _
Hot plate peltier 2 —Heat Pipe
= FAN
»Heatsink
Vg

Two stacked peltier at different voltage can prevadvery high negative temperature on the top
surface. Such temperatures are possible becaubedhgenerated by the top peltier, at a lower
voltage, is completely evacuated by the cold serfaicthe first peltier. The heat of the first
peltier is then evacuated by the heatsink, aswbg a CPU. If the heat of the first peltier is not
evacuated, it will melt, because the quantity afthe enormous, don’t put your finger!

The #1 Objective is theEMPERATURE that we could reach with the peltiers. It depeowls
the input voltage of peltiers, the power of distigna of heatsink, the quality of peltier, the
thermal grease, and the type of surface used (mefhstic).

You need to reach at least -20°C on a final setup tdetect particles. Lower temperature
would give a better quality of track and the equilbrium will take less time to set up.



I1. Critical material : Power Supply, TEC and Heatsinks

1. Power Supply

The power consumption of the 6 peltiers V3 clou@mhber is 255 Watts. The amount of
current needed is about 26A.

You need a good power supply (PSU) for this expenimDon’t buy a cheap one because you
will regret it in the future. This experiment do#stake apart the power supply so you can
reuse/sell it for a future computer. The amourtwfent is important and the wire will be hot if
the power supply is a low-cost one (they often alseninium wire instead of copper). You
need also a very stable voltage for the peltidier(hoelectric cooler). Cheap power supply
have always important drop of voltage when thegeabarge connected.

Mine is an Antec TruePower 750W, a bit overpowdretit’s for another project which will
require much more than 30A of current.
You can find some test of power supply at :
http://www.jonnyguru.com/modules.php?name=NDRevi&os=Story&reid=140

Results from Antec True New 750W HOT load tests Results from Corsair CMPSU-050TX HOT load tests

DC Watts Intake DC Watts/ Intake/

Test# +3.3v +5v +12v OC Watts! Eff. Exhausjt Test# +3.3v +5V +12v oLl Eff. Pl

Simulated system load tests Simulated system load tests

Test 2.58 2.5A 10.58 172w/ ., .. 28°C/ Test 2A  2A 144 192WS oo o, 259C/
1 3,35 5.1 1207y 204w = agec 1 3,32y 5.08v 1213w 224 30°C
Test S5A 5A 214 318w/ — 3200/ Test 3A 3A 284 72w a0.0% 31°Cf
2 | 3.30v S.08v 1200w 3FEW ' 35°C 2 320v S.08W 1212y F1EW 40°C
Test 7A 7A 314 452W/ oo po,  37°CS Test aA  3A 424 SSEWS o o 36°C/
3  3.26v 5.04v 11950 92TW ' 41°C 3 327y S.04v 1207 G3ZW 33°C
Test 9.58 9.5A 41.58 sgywy . . 41°Cf Test 7A [ 7A 58K gevw/ ., 41°C/
4  3.39v 5.05v 11900 706W 2z2°c 4  326v 5.02v 12.04v S04 BE°C
Test 124 124 524 738WS o oo 499CS Test 8A 8A 724 47 B4.6% 450
3 327 4.00v 1183y 894W 59°C 5 304y 501y 1200y 1119w ' FlLle
Test | 21A 204 1A 204w/ . 37°C/ Test (184 18A | 28 179w/ . .. 35°C/
CL1 327y 4.96v 1203w 264W 41°C CL1 356y S.04y 1213y 222W ' S540C
Test 1A 1A 624 TESW 03 5% 45°C/ Test 1A 1A 78Aa a5 5 [ 4100/
CLZ | 335y 5.10v 1182y 916W a8eC CL2 358y 503w 12.00v 1105w = ggec

Antec True power tested Corsair 950W TX tested

There is many reliable PSU : Corsair, Seasonic)é€omster, Thermaltake...

Tip 1 : You have to choose a good PSU where the voltage idrlow at 12V. For example in
the last pictureslest 3corresponds to the power requirement of the exyat (approx 20A at

12V, and 7.5A at 5V). You can see that there iBghtsdrop of voltage at 12V for Antec. We
need the more voltage available, so | would chéloseCorsair. But the price is also important !

This guide will focus using a PSU. 3 voltages aralable: 12V, 5V, 3.3V. It is possible to
reach higher temperature (gain of -10°C) with 14\ 6V output power supply (but they are
hard to find because the amps needed are higleg@th costly).

Tip 1.5 : How to run a PSU without a computer ?

Make a short circuit between the green wire ancbargd wire
(any black wire). On this connector you can alsethe +3.3V :
It is the orange wires. Red wire are 5V, yellow 2%, other
colors : Don't touch =)

Approx cost of PSU : 90-130$




Tip 2 : Even if it's a good PSU, the amps are high for@em (wire cable). The wires are
warm when the setup is running several hours. Be
sure that you don’t concentrate the wires : airtmus
pass freely between them to cool them. Check alst
the numbers of “rails” on the power supply. Don’t
take all the power of one rail if it's limited in
current.

& Upgrade 1 : The setup use 3 female molex

# connector to supply the 3 couples (3x2) peltiers.

~ One molex is feeding one couple. You can use
. more molex to feed one couple, so the input wire

% will be colder, but you will need more female

connector and more input wire.

http://www.dealextreme.com/p/1-to-3-pc-internal-movsupply-
cable-splitter-5167

(or try ebay). Number needed : 3. But you will ne¢deast 2
which have external 12V cables to connect the 8 {aee picture
20 part 7 : Wiring)

Copper wires : We need to put the more voltage on 12V peltieosany drop of voltage from
resistive wire should be avoided ! Use copper ¢ahkebigger is better. Mine are nearly 1 mm
thick (they are slightly warm), but | didn’t havegger. Nearly 6A will go to each 12V peltier,
and 3A in the 5V one (so you can use a smaller Wiyeu are low on copper). You can find
copper wire in junkyards (old alternators), or dmae..Quantity needed is approximately
20cm*12 ... 3 meters should be fineBe sure to remove the resin (coating) on the copper
wire before welding them ! (use a knife and rub thend of the wire)

Upgrade 2 :Use bigger wire to feed the pelts. My drop of vddige is nearly 0.3V for the
5V, for a 20 cm length 1mm wire. Drop of voltage fiothe 5V peltier are welcome, but not
for the 12V (in fact 5V is a bit high for the bottan TEC, 4V is the best).

3. Thermoelectric coolers

A very hard choice. Some will choose Chinese orslyefound on ebay. There is a lack of
research here. | obtained similar result on tentperawith Chinese one, but the power
consumption seemed to be higher. I'm using Nordistaial Peltier from ebay :




http://myworld.ebay.com/dodgeballblue

Thermoelectric module TM - 127-1.4-8.5 E/@ —

Perfomance Data — e
Positive(red)
Imax (amps) 6.5 AT=ATmax. Th=25+ 0.5 °C. lead wire
Vmax (volts) 14.6 Th=25 £ 0.5 °C. AT=ATmax. I=Imax £ 0.1A /1
ATmax (°C) 7 Th=25+ 0.5 °C. [=Imax £ 0.1A
Qmax (watts) 74.8 Th=Te=25 £ 0.5 °C. I=Imax £ 0.1A .
. L u} leads: =
; : i 0AWG &
AC resistance (ohms) 15 25¢05°C g L
Environment: dry air, N,
Tolerances for thermal and electrical parameters + 10% L
Dimensions in millimeters
5y 4 raximum i 40" 1502
Lead wire insulation mhggg:ilﬁ n;:f:m?eligzure { A
P g Hmperer X Cold Side,Tc
PVC 90°C l f
o e T T AL L P L T LTS
Silicone 2000 Qe -refrigerating capacity at cold side of the module (Watts),
- Hot Side,Th AT=Tc-Th - temperature difference betwsen cold and hot sides of the module (°C),
PTFE 200°C | - DC currant through the modules (Amps)
V -voltage applied to the module (Volts).
Performance graphs for TM-127-1.4-8.5 modules at Th=50 °C b
Environment: dry air, N; i =
100 I I [ Ienan = 6.5 T ————1——d Imax = 85
14 [Ca=—=
50 82 [=Imax . . '_"e""e“-—-e--._.__e
&6 1=0.8imax i il 12 0.8Imax = 6.8
0 88 [=0.6lmax —c ! i
_ B2 [=0.4kmax /‘/// 0.61max = 5, i g o——
T s 120 2max L~ 3"
’ b / A = g 0.6lmax = 5.1
= i) / = 8 j—
= ,/»//ﬂ// 0.4Imax = 3. _Q"““--GL__________
g T o 0.4lmax = 3.4
5 /,/ /é/r / S8 [=Imax O
40 < +|— ©© I=08Imax : .
7/ 0.21max = L° =8 [=0 6lmax - d 0 omEc= 1.7
30 1 = : | &5 I=04imax
. ,,/ % 3 =0 2max
ﬂ,

[ 0 : :
r -1 —70 - —50 40 —3d 20 il 1]
Te-Th

20 ::/
o

~E0 =70 —60 —50 40 —30 ~20 =10,

| know that they perform very well, and are costlégou
buy them in high quantity (I own 100 of them), yoan
think to future projects...

Rich Olson thought that it could be a differenceg<
different power rated peltiers. But | never trietstway.

Upgrade 3 :More research to determine what type of
peltiers can provide the best temperature (ChineséJord
Industrial, different rated power).

4. Heatsink

A critical material. First you have to determinethk power dissipation is good, according to
computer review website. Just type the name of peatsink on google + “review or test” and



you will find its performance with a CPU. But thkaice is determined by another factor : the
type of surface interaction.

Nearly 99% of cloud chambers on market use an alumi plate placed on the top peltier.
They can because they can cool it very well thaokdry ice (-75°C). Peltier can cool only a
very limited surface, mostly just their own.

VA

INTERACTION SURFACE

Cold plate peltier 2
Hot plate peltier 2——

Cold plate peltier 1 _
Hot plate peltier 2 - Heat Pipe

We need to determine what would be the type of the interaction surface

Heatsink plate for CPU

On the picture in left, the 3 couples of
peltiers are ready. But we need to put a
layer of material on this surface to have
an “alcohol proof” interface (otherwise
alcohol will go in the peltier and will
dissolve the thermal grease, or the
cyanocrylate glue).

The surface must be as dark as
possible to have the best contrast

We have several choices of materials :

RULE #1 : the thinier material on the peltiers, the better temperature you
will get | Choose a very thin material to have the best temperatures !

1. Aluminium foil + black paint

Advantages : extremely thin, and conduct heat.

But aluminium + propan-2-ol will react at low terapd will
make holes in your aluminium foil. Mine smoked and
burned during an experiment. It's possible to péims

. aluminium surface with a black paint to have a good
: contrast, so the paint will protect the aluminiuranh the

~ | alcohol. But | never found a paint which can redist
alcohol, all paint or marker dissolve (just few casist).



2. Black Anodized Aluminium plate

The way that use all the cloud chamber. Yesg
work. The black ink inlaid in the aluminium resi§
to alcohol and the surface is really very dark.
there is limits using an aluminium plate with o
setup based on a CPU heatsink.

Feedback of research about aluminium plate :

At the beginning of the V3 project, | was in theaph where | needed to put the aluminium
plate on the peltiers :

¢

In left: “Yeah ! I just need to put the
aluminium plate and it’s done !”

§ The advantage of using a metal as a
surface is that it can conduct heat, so you
can have a bigger surface even if your
peltiers have a tiny cold surface. The
d larger the interaction surface, the more
events you can see !

The surface of peltiers was 12*4cm
(each peltier measure 4*4 cm). So |
thought that | could put a 16*8 cm
aluminium plate, with a thickness about
1 mm (I didn’t find black anodized
aluminium foil).

As my black aluminium anodized plate is anodized
the 2 faces, | spent fews hours to remove on are
the layer of anodization to have the best ther
conduction (21 to 63 W/m for anodized alumini
instead of 220 W/m for pure aluminium).

R Then | placed this plate on the peltier, with some
g thermal grease.l thought that it worked because ¢
short test in air made ice, | had -30°C in the riadd
of the plate, and -20°C in the corner. Perfect.




Then | sealed the bottom with my big glass
container. | put some alcohol, high voltage, some
Americium for radiations and... nothing ! None
| particles was detected, despite the temperature
obtained !

So | removed the aluminium plate. | put some
plastic bag on the peltiers :

and it worked ! | removed the plastic, | put themalnium plate again. Nothing. Duh !
Maybe the surface was too big to be cooled, ascttmelensation of alcohol requires more
energy and that ice isolated the plate from sudgair. So | cut the surface area of the
aluminium plate in two : it worked.
1 i 3

Lclimension of the peltier's
surface : 12'4 cm

dimension of the new
aluminium plate : 13*5¢cm

But strangely, it appeared to me that the qualitgasticles track obtained with the aluminium
plate was not as attractive as the one obtaindu tivé plastic bag. In a lack of time, | went to
the plastic bag as | know well the behaviour, aftirhy beloved black anodized plate. Maybe
the temperature was lower with the plastic baghso guality of track was improved ? Or
perhaps that the electric field doesn’t react enghme manner with the aluminium and plastic,
which provided a better quality of viewing. The ¢aty with the plastic was better too (time
needed to view the first particles).

So my feedback is that you can use a black alumiranodized plate 1mm thick, but the
dimension of this plate mustn’t exceed 0.5 cm arthesade on each peltier. Maybe we can use
up to 1 cm on each peltier, but | didn’t tested thi



| was very disappointed because my system coultbol enough the big aluminium plate.
With another dissipation system, it may be possibkse such a plate.

See the interesting design of Kamkelan on thikFlage :

http://www.flickr.com/photos/kamkelan/430211242&rt-72157619300906497/

Note on Kamkelan designincredibly much more efficient than the one prasd here. A real
performance because the 4x4 cm peltier seems ta&@® cm surface.
However the quality of track needs to be confirmfedew points :

_The massive heatsink that he used may not besgda@find
_The massive fan can produce some loud (maybeta 2@l 60 dbA?)
_Impossible to put a strong neodymium magnet tingjgish charge of particles
The design in this guide can offer the same aresen§ibility than Kamkelan, using a 13*6
aluminium plate. But we will need 6 peltiers, wh&@mkelan needed 3.

3. Black Plastic bag

= A severe drawback of this type of surface is the

non conduction of heat, so it's impossible to

. enlarge the interaction surface, which is limited

to the peltiers's surface. Conventional plastic
bin bag thickness is about 30 to @M, nearly

the same as an aluminium foil, so there is
almost no loss of temperature. The temperature

. on the peltier will be the same on the plastic
" bag. It is also already black, alcohol proof,

. easily malleable and readily available. One of

1iiii

. the big advantages of the plastic bag comparec
to an aluminium plate is that if your 3 top
peltiers don't form a flat surface (if one is

slightly higher than the others), you can easilmdthe surface with the plastic (see pictures

below).

one of the top peltier is slightly higher than the other

The plastic bag can easily bond the surface even ifit's not flate¢

Top peltier

Bottom peltie

If the surface is not flat, the plastic bag is perfect.

An aluminium plate is not
flexible. You won't have a
100% contact between the
aluminium and a no-flat
peltier's surface.

The peltier’s surface must be perfectly flat if you want to fix an aluminium plate on it.



4. Copper foil

A very promising material is the copper foil. Ngarl
as thick as or less than the aluminium foil, the
temperature loss is almost 0. Alcohol doesn'’t &ttac
him and his high thermal conductivity may give
enlarged surface.
Unfortunately | tested this material in the V1
version and results were bad because the coppe
foil was not isolated and the surface was too big.
w - didn’t test this material with the V3 version besau
| | didn't have some left. | guess we could find some
secrets with this matter.
We can paint the surface with the Edding 8400 nraikkéave a black area. This guide will be
upgraded when | will test this matter more closely.

5. Edding 8400 marker

This CD/DVD marker can resist to alcohol if we donib the surface
with the alcohol. It “won’t dissolve” easily, thayer of paint is fragile
and seems stable because it has a water basedtsdtisethe one |
found among many others to resist to the alcohelp&ient painting the
surface. High contrast can be obtained, which réepeto see cosmic
event that are hard to see.

So in conclusion :

_More research has to be carried about the heafBim&kone presented in this guide may be
moderately efficient, because the heatpipes anetuupside down. But it work.
_Black anodized aluminium is usable in a limitedaar
_Plastic bag, which is not really a “technologittif§ can make a very good performance
_Copper foil is not anodizable, but may be vergiiesting later.

Let’'s go back to the choice of heatsink. The orexlus this guide is the Coolermaster Hyper
212+, priced at 30$. There isyoth’ possibilitheatsink.

Depending about the type of interaction surfacesehpthere is several configurations :



5. Plastic bag based design

With the Hyper212+ the dimension of the heatsirsdtels slightly less than the peltier’s
surface. You must take this into account (see pstbelow) :

Y ou must take into account
fthat the heatsink mustn't be
placed in contact each
other. Their is a slight
espace between 2 heatsink
because the peltier is
larger than the heatsink's
plate/.

Dimension of a peltier.
The heatsink surface is
slighty tinier

BAD SPACING. The Peltiers won't fit with the heatsink's
plates.

The majority of heatsinks
have a spacer under the
heatsink plate, so they are not
a good choice because it will
be a space between the peltier
. it will be some area of
plastic which are not cold,
particles track could be
discontinued.

contact, there will be a spacsg

‘thickness of heatsink
plate



An important point in the choice of the heatsink isalso the thickness of the heatsink plate.
A 2cm height magnet must pass under the heatsinkgtle. Check the part 3 : Wood &
Plaster.

Heatsink plate ) ) . .
. An interesting heatsink : the ProlimaTech Armagedaouch more
heatpipes than the 212+, but 3x costly and maylélario contain

a magnet under the heatsink plate.

Upgrade 3 : If you are rich, you can invest in high tech hed¢si
such as the one above but check if there is enmgh to put a big magnet under the heatsink
plate. The thickness of the heatsink plate muslobg otherwise the magnet will be farther
from the interaction surface and the magnetic figltibe low (strenght of magnetic field varie
with 1/R’). During the V1 and V2 version | was poor so dystd with the same low cost
heatsink, and did the same with the V3, becauseaddy have two Hyper 212+.

6. Anodized aluminium based design

As | know that we could use an aluminium plate kbiggp to 0.5 cm on each side of peltier,
heatsinks who have a spacer could be used. Spaeedre peltier is 1cm. A picture can
illustrate the 2 configurations. Of course | tespast 0.5 cm of aluminium. It may also work
with 1 cm on each side. Space between peltier doai2l cm.

plastic bag

aluminium plate

[ [4om \
] e A\ Wi =ujam D ]

spacel peltiers

The rest of this guide will present the configuraton “plastic bag”.
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Before starting the construction with th&rt 1 Basic Structure (below), go directly to the

Part 2 : testing the pe[tiers. The heatsinks and peltiers that you have chosest praduce a
negative temperature in a specific range.



I11. Starting the Construction

Part 1 : Basic structure
If you look at the end of the heat pipes, you Wil some spikes :

Plates of o : ; 2
aluminium . J,

s o

End of heatpipe on the 212+ Wood plate 28x1 9)(26 t/ic.{

First, you need a wood plate. Mine measure 28x19xddie spikes of the heatsinks will fit in
the wood plate. Make some holes in the wood platé| the spikes could pass and that you
obtain an horizontal surface with a bubble levebnD forget the little space between the
heatsinks if you choose the plastic bag configamatiThe hard part is to put the 3 heatsink
close together until the plates of aluminium caileci
YOU CAN GO TO THE PART 8 TO FIX THE STRAPS TO MANIRATE THE SETUP

- Once the 3 heatsink fit perfectly in the wood'’s
holes [1], and if you didn’t forgot the little spac
between the heatsink plates, we can set the
heatsinks in the wood [2].

Before setting the heatsink with plaster, you caimfthe wood with conventional black paint.
[2] Fill the hole with plaster. It should be a “ptar of Paris” with a slow cure, so you will have
some time to hold perfectly the heatsink.



[3]Wait 30 minutes until the plater hold the te and control the bubble level. The 3
surfaces must be perfectly flat (no level betwédemt, or a little)

[4] Fix the fan according to drawing [4']

A

Fan 1 Top vipw Fan 2

SENS of Air
Flow

The sens of air flow is important. After several

. test, this setup gave me the best temperatures
The air escape in the laterals opening. You car
fix the fans to the structure. Don’t make a tight

fixing, because you will have to remove them duttihg plaster process (Part 3). Be sure that
they won't fall when you will run them because tiades can break easily.

¥ SENS of
R Air Flow

Heat plpe' heatsmk plate

Part 2 : Testing the peltiers

It's is the most critical part of the project, asletermine if you can continue or not ! The aim is
to reach -20, -30 or even the -40°C needed. Iflyaught Nord Industrial peltier on ebay, you
must know that some perform better than other (mb#tem were used), so always buy more
unit than needed. : :

Materials :
You will need some tools now.

_Soldering iron + soldering paste
_Dealextreme thermal paste
_Copper wire

_PSU

__Thermometer, cyanocrylate glue

aeasll Ot Of ASS ... forothing !




~ . 30g of thermal grease for 2.68$... you will tell that this is "shit".
g http://www.dealextreme.com/p/professional-thernedthsink-
compound-with-injection-tube-30g-22510

~ Well, | spent 100$+ of Arctic Silver 5 and otherokvn paste, | was

sure that | will obtain better temperature. In flacever obtained the
. bestresult that the silicone offered. There ipressure on the peltier
“ (not the case of a CPU) so as the silicone is figuil than AS5, it fill
the micro holes more easily and seems to perfotieibe

To solder the copper wire to the peltiers, you wied some soldering pastff.
It's easier this way, and the welding is more stabl
http://www.dealextreme.com/p/lodestar-solderingt@@fg-4711

Buy at least 2 of this thermometer :
http://www.dealextreme.com/p/grill-and-bbg-thermaenes0c-300c-
11694

They can go to -50°C to +300°C, and are very r&diabown 5 of
them to control more temperature at the same ti@leeck for a
known temperature if the temperature given is thmes for the 2
thermometer.

|
| At last, buy this super glue. It will make miracles
e http://www.dealextreme.com/p/instant-super-gluehviitbes-and-needle-
20ml-31742
'
' _ Clean the 6 peltiers with acetone, and weld thepepp

wires as pictured in [5]. Length of wires must be
about 30 cm.
St Respect the polarity as indicated in the picturgou

& connect the peltier to 12V without an heatsink, the
& semiconductors will melt. Try a lower voltage to
B4 know the polarity, such as 5V : take a peltier aury

¢ hands, connect the +5V (red wire) of a molex to the
BRI  (+) of the peltier. Connect the ground : you wdkf
S :""‘ R & in your hands the hot and cold face, but don’t $tay

e v * long otherwise you will burn your hands.

- . L
G dn )

The cold plate must be in top, the hot plate towding heatsink plate.

Test of the peltiers. [5Tlean all the surfaces (peltiers, heatsink) witstaice.



[6] Put some thermal grease on the 3 heatsink.dRatealso thermal grease on the hot face of
the 3 TEC. Place the 3 peltiers on the 3 plates. dibture below show 6 peltiers, but | don'’t

have the picture for this phase. Just imagine tiwate is only the 3 bottom peltiers on the

heatsinks.

[7] Check if the 3 peltiers are in good contacthwitie
heatsink. Put the end of the thermometer to théecen
of one peltier surface. The picture in left show 2
peltiers stacked together, but consider that there
only the bottom TEC ! Switch on the thermometex (fi
it to an object, see picture page 8)

Add a drop of water on the end of the probe, it wil
‘ =5 favorise the thermal contact between the surfade an
the probe.

We are going to test the temperature of one pdltiartime

[8] Connect the fans. Then connect the first pelt®e the +12V and ground. Read the
thermometer. The temperature should fall really tasnearly +4°C. If the drop of water on
peltier boils, you put the wrong polarity ! in thisase, stop PSU and check if your
thermoelectric cooler is not damaged.

The temperature fall slowly near the +0°C rangeahse the crystallisation of water into ice
require a considerable amount of energy. The teatype fall slowly until it reach about -5°C :
all the water is transformed into ice, then thegerature drop rapidly to -10 or -15°C.

Check the maximum achievable temperature with glesib2V peltier : you must obtain at least
-14°C to -20°C. If the temperature is not in thesge, change peltier or put more thermal
grease, move the peltier to find a better positoonthe heatsink plate. You can add an
ampmeter : the current going to a 12V peltier (Nimdustrial) should be between 5A and 6A.
Check if your wires are hot (they mustn’t. In thése, use bigger wire).

If you have obtained a temperature in the rangé- -14
20°C, let the peltier running some minute to beesur

(with the high temperature on bottom, the thermal
grease will spread and fill the microscopic holes o

surfaces). You should observe the formation of muct
ice, coming from the humidity of air (picture irfthe

When the temperature is stable, we will test thieab®mur adding more heat to the air flux.
Check the polarity of the 2 other peltiers. Conrtéet +12V and ground to them. You must



have 2 cold surfaces. If the surfaces are colddi&pation is working. Check the temperature
of the first peltier : it must remain stable ortle range of -14/-20°C even if the 2 other peltiers
are running.

If the temperature remains in the range, it's off you can go to the next step.

Next step : fixing the first stage of peltiers withglue.

drop o [9] In the picture on left, ignore the top peltiet,
: glue here (area must | doesn’t exist at now. There is only the bottomipelt
} be Cleaned from which gives at least -14°C. Stop the PSU. Waitlunti
the ice melt. Remove the thermometer, don’'t moee th
peltier. Try to clean the thermal grease which
overflowed on the heatpipes.
Then, put some glue in the corner of the peltier the
heatpipe (as pictured in [8])

4 drop of glue can hold the peltier. Do the sanme@dure with the other side (near the wires).
Don’t put too much glueOtherwise it will migrate to the interface betwebe heatsink plate
and the TEC and will ruin the thermal contact.

[10] Wait 30s until the glue is dry. Put your fimgen surface, and try to move gently the peltier
. it shouldn’t move. Now repeat the step [8] : the& thermometer, a drop of water, connect the
+12V and ground to the 3 peltiers, and wait undiiyeach the equilibrium. You must have the
same temperature as before. If you lost 2 or 3it"Cacceptable (only if you still are in the -
14/-20 range). Sometimes with one peltier you aatoger in temp : -25°C.

If it's Ok, do the same for the peltier in middlgut the thermometer probe with a drop of
water, connect the 2 others peltier to +12V ancckhbe temperature. If the range is ok, you
can glue it. Repeat procedure for the last peldied, fix it.

Important :

The wires of the middle peltier must be in the ofide of the right and left peltier. It will be
more easier to prevent the short circuit betweerctimnection of wires.

left pelt middle right pelt
peltier

wires of _/_,7
peltiers

Finally, you must obtain 3 cold surfaces in the/-2@°C range. You can add one thermometer
to each peltier to control temperature in the same, and see which is the best. Don't hesitate
to remove a peltier and repeat steps until you laasatisfactory temperature.



Next step : fixing the second stage of peltiers vitglue.

The aim is to obtain the picture 12 :

gnore the glue on
the peltier's
connection: it’s an

3 bottom peltiers at 129 and a layer of 3 top peltier at 5V. Note on picture that peltiers in
middle are placed in the other side, so that the connection’s wires won't be in contact with the
side peltiers. ..

[11] Clean the surface of all peltiers with acetoRat the % pelt on a bottom one (start with
the right or left one) using thermal grease onZisaerrfaces. Put your thermometer in the middle
of the top surface with a drop of water. Be sui the top peltier is connected to the +5V of
power supply, and that all the 3 bottom peltiess@nnected to the +12V as previously.

cdrop of water +
hermometer probe

(On the picture, the 2 others bottom pelts are missing)

Start the PSU, the fans are on, and you shoulc
have a violent drop of temperature on this top
peltier. Wait 2 minutes until the equilibrium is
reached : you should obtain a temperature in the
20..-40°C range. If you are above -25°C, (for
example -30 or -40) it's perfect. If you have less
% than -25°C, recheck the temperature of the botton
| peltier. Make another test. You should obtain
L temperatures like in the picture in left.

| If the temperatures are good, you can glue the -
" pelt each other as explained in the picture below :




Y b ,
he 2 sides of the peltiers, along the interface

& & jf;

Clean the surface, then add some glue to t

Wait 30s until the glue is dry. Put your fingertbie top surface, and try to move gently the top
peltier : it shouldn’t move. Recheck the final tesmggture after fixing them.

Note about the wires :

Fix the wires of the peltier to the heat
pipes, or better : wrap them several
turn around it. The wire shouldn't pull
on the peltiers !

the peltier’s
connection: it's an

' When your first couple of peltiers
i (bottom and top) are fixed together,
the wires fixed and a high negative
temperature obtained, you can repeat
the step [11] to the 2 others peltiers.
You will finally obtain the picture 12
(as seen previously) or the picture in
left if you let the system running some
minutes. Some ice will appeared. You
can check the final temperature with
several thermometers in the same
time.

Final step is to bend the wire of the
middle peltier, so that all the wires
- N will go in the same direction.

Crucial remark : we used 5V for
the top peltiers. But don’t forget
that your ®SU can give 3,3V
(orange wires) : connect 3,3V to a
top peltier instead of 5V. You may
reach better temperature, or the

same, that the one obtained at 5V.




If the 3,3V give the same temp,
you can think to lower the voltage
o - . of a molex (5V=>3,37) using
oA [ N4001 diodes. See the Part 7

On tﬁe pzcture you can count 12 wires (4 for 2 coup[es qf pezers 503 coup[es gzves 12 wzres) AL the wires
are placed in the same side of the heatsinks. The wires of the middle peltier go below the heatsink plate. Be
sure that they don’t pull on the peltiers.

Part 3 : Wood &I, Plaster

We will use 2 wood plates to support the glass ddeaamThe dimension of the first plate is
approximately (it depend about the type of heatdin&t you choose) 20x16cm with a
rectangular hole of 12x8 cm in middle like the pret below

20 cm

/\ $ 4cIn

16 c¢n ——

4\

N J

On the picture [13] you can see how the first wptate must look like. Thickness of the plate
Is about 3mm. The rectangular hole can let thagogiass through the wood plate. There is no
space between the sides of the right and leftgzeland the wood plate (see picture 14), so the
wood plate can maintain itself without support.

The second wood plate will be made after the plasig (few pages later).



An important thing is to consider
the location of the magnet
(neodymium one). You must have
enough space to put the magnet

."‘l“ «Heatpipes under the heatsink plate  (the
|| thickness of the heatsink plate is

also an important point in the choice
of the heatsink, the magnet must be
FAN 1 the nearest possible of the
interaction surface).

So you have to check if the wood plate is not unlderheatsink plate.
In this case, the magnet won't pass (schema in, togld spacing of
the wood plate)

T 1-'1}1}{1'1}1:“13

waood
plate

Magnet
g 3

Heatsink plate

A 2cm height magnet must pass under the wood plate and the ﬁeatin&phte. In this picture, it's possible. For
the final setup, place the magnet as closely as you can of the heatsink plate, using a wood support



Once the dimensions of the wood plate are optimum
make some scratch on it. The plaster will fix omire
easily.

See the pictures below : the wood plate should holc
itself, but put some supports because the weighhef
plaster will make it fall. | used 2 voltmeters whibad
the same height of my magnet.

The wood plate is maintained with some supports.



Some other view_s :

Put some protective layer of paper.
= The next step will be a bit dirty. You
= can remove the fans and fix their
| grids if you want.

Creative step : "plaster of Paris" with slow cure.

We will use some plaster to hold "definitely" thead plate. The
plaster will fix the wood plate with the heatpip&s how the
structure will support. It will make a basis foetplass container.
This step requires enough time and patience (itbemome more
and more worse in some case).

First, put some plaster with water. Make more plaghan
necessary, the quantity in the picture in left wasenough and | loose a precious time making
another. The plaster will be less and less usabler@ pass (maybe 7-10 min of "scuplting").
Don't put too much water, the mixture must be nalbidsmid-liquid. Protect your peltier from
plaster. It is VERY important that plaster mustotich the peltier in any side !

Put the plaster on the wood plate, and try to n@aa&eucture as explained below.



The .S‘/{,etc/i‘ljz; pictures represent the reaﬁt_); in right

Protect the peltier surface from plaster. Try tdltewsame like in the next pictures.

Heatpipe, Tull or plaster | Plaster | [No plaste




The top peltier surface is about 3mm, or more, altbe plaster because we will add a seconc
layer of wood. See the next pdfjading the height of plaster”.

The pictures of the construction (next page) aba@ example because some of plaster is ir
contact with the peltier. | had to remove it. kasy to remove the plaster when it hasn’'t cured
and easier to put plaster everywhere. But you e $ast.

It's very important that no plaster is in contaathpeltiers because :

 When it will cure, plaster will contract and pulhet peltier and if the glue fails
(remember that we put a tiny amount) the TEC woe'tin contact with the heatsink
plate and temperatures will be bad.

* Plaster has a good thermal conductivity. In myt filssign, | put plaster everywhere : |
lost nearly 10°C when the plaster cured. | didmterstand why, but | discovered that
the heat of the heatsink was transferred in theédper, so my temperatures were bad.

* If you have to replace a peltier on the heatsirdkgylit will be easier without plaster
around it (see next picture).

The same remark can be made about the peltier’
wires : | had enormous problem when plaster was
around them. The wires were pulled by the plaster
and they pulled on the peltiers, and some moved.

had to replace them. If you can avoid putting
plaster on wires, it's perfect, but it's not as\yeas

when you put the plaster for the first time on the
structure.

You can follow these steps before putting plaster.
It requires more work but you will save a lot of

time.

1) Unweld all the peltier's wires. Pull on themhave some millimeter in length free, we will
weld them later. Be sure that the unwelded wire'taii.

wires unwelded and with some mm

wires welded on peltier e enariacy

top peltier

bottom peltier
wires are attached to the heatpipr-w
but if you pull a little, you can have
some mm free ---—-.__.ﬁ_:__>

2) Put the plaster and make the structure. The
~ wires should be contained in the plaster, only
a fraction is free to be weld, see the picture in
= left.

3) After some hours, when the plaster have
cured, weld the wire to the peltiers. Don'’t
invert 12V with 5V, check the voltage with a
voltmeter to be sure. Then recheck the




temperature, which should be the same.

BAD .
4) You can secure the wire’s connection with a gjue. Be sure top pelt ‘
that no glue go higher than the peltier's surfatkerwise it will

bottom pelt
block the plastic bag. (side picture) oK
top pelt
. . bottom pelt
Pictures of the construction Side view

top pelt

bottom pelt

As pictured above, we will put a second layer obdi@n the plaster surface. The thickness of

the 2 wood plate + the thickness of the plaster musatbne same height of the top peltier
surface.



1) The second wood plate Part 1

Its dimensions depend of your work. Take the dinmrssfrom your plaster structure. It must
look like this :

Once the plaster has cured, you can fix tfev®od plate on the plaster using a glue gun. Don't
put too much glue, the height of the layer of woundstn't be higher than the top peltiers
surface. You can paint the wood in black and letghint dry.

2) The second wood plate Part I1

You need to cut 2 rectangular layers of woodsltdhe gaps. The height of these wood pieces
mustn’t exceed the height of the top peltier, @rhieight of the second wood plate.

ood to fill

between the

\WOO0dA4d andad (16

Let some space (5mm) between the wood and the
peltiers. Do the same with the other sides. Yowkho
obtain the picture [15]. Disassemble this 4 piecezfe
and paint separately the 4 wood pieces with a black
paint. Let the paint to dry. Try to put the 4 pieos the
structure again. Be sure that you can remove aacepl
them without difficulties. They must be in closentact
each other. This way, they mustn't move freely. The
level must be flat like the"2wood layer.



Part 4 : Plastic & Glass Chamber

Before putting the plastic bag, you must checkatiyhave
good temperatures, check if all is OK. If not, opeltier
moved and you will have to replace it . unweldcéyefully
remove it from the heatsink plate, clean all siefand check

the final temperature.

# The next step is to put the plastic bag. The “peizdlesign
"W with the 4 removable pieces of wood allow you tarule the
plastic bag after weeks of use, or if you scratdiedsurface

this pic, 2 wood layer . ; . .
i missing. ianore the. | With & radioactive mineral...

) : s

Find a very dark plastic bag. Sometimes, small padkets are wrapped in a plastic container
which is very black inside, and colored in the @ésYou may also find a bin plastic bag but |

prefer the mail’s plastic which is darker.

The dimensions of the plastic bag is indicatecha iicture below. Take +1,5 cm on each side

Remove the 4 pieces of woods.
Clean the plastic and peltiers surface with acetdhen, put some thermal grease on the plastic

and on the peltiers, it must be a tiny amouhit the plastic bag on the peltiers, and remove
with your finger the air bubbles, you must havéaa plastic surface (in the picture 16, tHé 2

layer of wood is missing but you should have it !).

Then enclose the plastic bag with the wood puztle:
plastic should be stretched and fixed. You should e

= Wwith the picture in left.




Once this step is finished, make a test of tempezatyou
can put the thermometer probe with a drop of watethe
plastic surface and check the temperature. It shprdduce
ice quickly when you blow on it (picture in lefihdicating
that the temperature is homogenous on the surface.

First glass chamber for the V3 project Glass container from V2 project and used in V3
When | started with the V3 project, the aim wasuse an aluminium plate for the interaction
surface (in the picture in top left, you can seeeetangular white shape, it's the original
aluminium plate with a white protective layer). $duilt a big glass container. But the
aluminium plate worked only if the surface was siéd by 2, and | went to the plastic bag. |
kept the big container despite the tiny surfacentdraction. But again, it didn’t worked much
better. With the big container, | had to wait agdime to have equilibrium. Then | used my
ancient glass chamber from the V2 version : withinmin | could see the first track.
Fortunately, even if the surface of interaction waseased by 1/3 with the V3 project, the V2
glass chamber fitted. The reactivity with this tghass chamber was very interesting comparec
to the big one, so | choose to pursue my projettt this glass enclosure.

For the V3 project, my glass chamber is a bit sbarbne dimension. You will find the new
dimensions for a 12x4cm interaction surface (s@fat 3 peltiers side by side), in the next

page.

About the thickness of glass : 3mm
Why this thickness?



Ry ey e Because | know that we can observe

L}

this type of event (in left) with this
thickness :

“An incident proton (coming from a natural
neutron for example), interact with the glass
wall of the chamber, ejecting another proton.
The two protons are visible and entering in
the bottom of the picture. One of the protons
then collides with another proton which
either comes from a water molecule (one of
its two hydrogens atoms), or one of the
hydrogen atoms in the alcohol molecule.
This collision kicks the proton out of the
water molecule and we now see both the
scattered original proton and the new proton kickedt of the water molecule. The most striking sigoee is
that the angle between the 2 emerging protons isd@@rees (it appears a little bigger than 90° besauhe
tracks are pointing away from the camera). Elastcattering of two equal mass particles, where ose i
initially stationary, always gives an angle of 9G:grees between the two final particles.From Jasper
Kirbky, Cloud Experiment, Cern, about my observation.

It should be interesting to study the influencehaf thickness of wall on the performance of the
cloud chamber. 3mm of glass isn’t enough to bldekéntire energetic electrons coming from
natural radioactivity. A thicker material shouldvgi a more stable isolation from the
surrounding air outside the chamber. See the DI¥ pafor more discussion about this
parameter.

2) Construction:
Dimensions are in centimeters
8,5
8,5 2 pieces .
top view \
14
85 2 pieces

15 (or in the 14,5-15 range)

10 LID.  (Not shown in picture)




So you will need 5 pieces of glass (2 squares &5x#&n + 2 rectangles 8,5x14cm + a
rectangular lid 10x15(max)cm). It's like making aguarium it must be “waterproof”, look
what are the materials needed (you will need ongpecial glue and wait 24hrs until all the
glue is dry). Once the glass chamber is done yaicoatinue further.

3) High Voltage wire and Alcohol supports.

You will need theses materials :
* nearly 50 cm of a copper wire (or aluminium, but not as nice to see (you can use
the same copper wire used in the peltiers connections)
» some little pieces of wood
e glue gun
* Dblack felt which can resist to alcohol

High voltage wires :

At the end of the copper wire, weld a “crocodile
claw” or “clamp”.

Pieces of woods and felt :

Cut 2 rectangular pieces of felt, dimensions are approx 2cmxl4cm.

|-

Then build :

= 4 cubes of wood with a slot (the copper wire should pass inside).
= 6 triangulars wood pieces at 45°

You will fix these pieces of woods on the glass walls with the glue gun. The next
pictures are self explaining.



have a tighten surface (fix one extremity, wait urit it's fixed, pull gently on
the felt, put glue on the middle piece of wood, angut the felt always

Start of the wire End of the wire B

The HV wire (copper wire) shouldn’t touch the felt. Put some
glue gun to fix it in the wood slot.



Put with the glue gun, or with cyanocrylate
glue, some pieces of felt on the lid, as
pictured in left. Put felt on the 2 sides of the
lid glass.

. This will make a more enclosed container
and it will be nicer to see.

It's certain that the dimension of this glass
chamber “may” not be optimum. The height
might be an important parameter. You can
experiment yourself with different container
and check the reactivity (time needed to
| reach an equilibrium and to observe first
[ particles). See the DIY part 2.

Part 5 : Ligthing

We will use about 40, 3mm white led high luminosBglow you can see some pictures of the
setup : the led strip with a piece of felt on it.

P_iece of black felt on Leds to remove
the useless light (dazzle ——— —



| prefer to use 3mm Led, because there is lesk ‘@@a” than using 5mm Led and also that the
overall luminosity is better.

500 pocs 3mm round YWhite LED superbright bulb lamp light You can find some led on Ebay! Chinese

Prix de vente : 18,99 USD seller always offer interesting deals (for
Cluantité : 1 i inni
o s example 500 led for 19% with free shipping).

Then, make this circuit.

_I_ 12V 36 led side by side should make a strip of ~12cm.

You have to weld all the Led together, accordinghi@ir polarity. Use some soldering paste.
Don’t put too much time otherwise you will fry thed with the temperature of the soldering
iron. Test your circuit using the 12V from the PSU.

Patafix Face vue le

If the circuit is working, take a strip of white t&fix and put the circuit of led on it. Try to have
an homogenous strip of Patafix, not one with soloean it. Don’t put too much Patafix, the
led should be the nearest possible of the ground.

fixe
f:: 9:, refixe

80 stilles
adhésives
S
80 hechtpads
atnanmbaal

Then, fix the {Patafix+led} to one piece of woodhd'led should be in front of the interaction
surface. Or you can place the patafix first on wdbdn add the led to the patafix.

wood piece led +patafix ~ Check if some leds are not hide by the patafix.
Plastic bag Then place a piece of felt on the led to eliminate
the dazzle, like in picture [17].

If you are lazy, you can find some quality led
strips on dealextreme.



You should nd with something _Iike this:

how to seal ' |
the glass |

The connections WI|| be detailed Purt 7 : Wzrmg

Led provide enough light with a weak current, seytdidn’t produce much heat. The spectrum
Is also interesting (white colour, no infrared edtins which can warm the interaction surface).
They are also very tiny so they don’t take mucltgla

Finally you can add a switch for the leds.

Part 6 : High Voltage

If you are poor, you can find a plastic cup, theln it on your hair, and place it on the glass lid :
the static electricity will make the same job as fiext circuit, but you will need to recharge it.
The high voltage is as much important as the cepthghting, and temperature of the surface.
It will make all the difference cleaning all thewsnted ions and producing very thin tracks.
But it's a capricious thing, depending on the expental conditions (temperature, humidity of
room...). You will see that the circuit is surprigiy rough and permit to have fine adjustment
to have the best result. We will use a Cockrofttdra(CW) circuit, and an HV power supply.
Materials :

]: T 12k‘v’ Du:u:ie
2ZKV3300pF" . \.007 |

Gas Tube Power Supply




Gas tube power supply
MINIMAX3/NEONUL INSTRUCTIONS

RED +12 vdc

High voltage
output

BLACK - 12 vdc

This universal high voltage power supply was originally designed for neon displays in our laboratories. Itis UL
approved and wirually indestructible. I is open circuit and short circuit protected. Open circuit output voltage is over
3000 at & frequency of 30 Khz. Shor circuit current is =15 ma. Unit load lines at 2000 vac delivering 10 ma. with 12
vdc input. Appiications include powering gas discharge tubes up to eight fest, plasma generation for burning and
etching, outpul 15 easily converted 1o high voltage dc up to Z5 kv and can be used for capacitor charging and a host of
high volitage experiments. Always allow to operate for an hour or so and check for heat. Unit never should be
uncomfortably hot to touch.

Use a 12 volt 1 amp dc adapter for full output or a 12 volt .5 amp for '; output. You may use a 12 volt 1.5 amp for
increased output intermittently for experimental and Iaboratory use,

Fliahed
o, socalnevadausa, com /serylat/the- 1085 Delupee- 1 2vdc-Gas-Tube Dkl _

Deluxe 12vdc Gas Tube Power Supply wiswitch + Clips

Price: $32.88

This itermis in stock

Cuantity: |1 | ' Add To Cart .:f
Brief Description Detailed Description Specifications

Fantastic 12 to 15%de input High Yoltage Gas Tube Power Supply with switch and clips... plus a spiral neon tube for special
effects... All you need {o do iz supply the power supply. The unit can be used wath batteries ar an ac adapter... This power
supply with power our...

| purchased the unit above, on ebay. A bit pribey,you have a nice box-switch +2 clamps

D www.imagesco.com/science/high-voltagehigh_voltage_devices.html

Gas Tube Power Supply

originally designed to power neon displays, this high-voltage
supply can power gas discharge tubes up to eight feet. It's rated
at 2,000 vac @ 10 ma, Input is 12 ¥dc @ 1 amp. Ideal for all
kinds of high-voltage experiments, plasma generation, etching,
high-voltage dc generators, 2.36" % 1.47" » 1.158" shielded case.
Mounting flanges with holes on 3" centers. 18" silicon rubber
insulated output leads. 6" color coded input leads, UL

Specifications: Input: 12 Ydo @ 1 Amp (Suggested power saurce
CAT# DCT®¥-1218). Cutput: 2,000 Yac @ 10 ma. Cpen circuit
voltage: 3,000 Yac 30Khz. Short circult current: 15 ma, UL,

H¥P5-05 - $12.05

We will use an input of 5V instead of 12V (with 12i¥s slightly warm).



This power supply can convert 5V/12V DC into 2008&. But this voltage is not enough to
clean all the ions, we will use a CW generatoraeehmore voltage, and to lower the intensity

so it will be safer to touch with hands the HV w{don't try with the HV coming from the
previous PSU).

We will make this circuit :

Cockroft Walton (CVV) circuit
1000 pF or hlgher {you will have\wurrent },-at least 2kV capacitor

Red wire, +5V /,_/ 2.
—
“\\_T Il / |

|| I { ]|
Diodes, it can be 1N4007 at the beginning, then HV diode

Black wire, ground

To spare place, you can cut this HV wire. The CW will
also work with only one HV wire.

Material needed for the CW circuit

IN4007 1RV diodes
1N4007 m- MN4007 1000 1kY 1.04 DO-41 Rectifier Diode Mew
Priz—d& vente :
Cluantite
- Sous-tatal 282 USD
Délai de livraison estime Varie
Your best choice! Taxe de vente : (aucung)

Expédition et livraison ;  Standard Flat Rate Shipping Service O
Buy them by 100 on ebay at a good price.

Capacitors, at least 2RV. 1000pf or higher

FZRV3300pFY 100 pes High Voltage Cerarmic Capacitor 2k 3300pF 332

Prix de vente : 4.50 uUsh
Cluantité : 1
Sous-total 4 650 UsD
hwmﬁm Délai de livraizon estimé Marie
Taxe de vente ; (aucune)

Expédition et livraison :  Standard Flat Hate Shipping Service 4 85 IS0, 3,00 LUSD
Again, buy them by 100 ...

High ’Vo[tage diodes 12RV

| | 10w 10mAT2kY High Yoltage Diode HY Rectifier Tesla Harn

| Prix de vente : 4.00 USD

| Cluantité 3

| Sous-total 12,00 USD

| Delai de livraison estimeé Varie

| Taxe de wente : [aucune)

Expédition et livraison ;. Standard Flat Rate Sh|pp|ng semice 700 LISD, 007 LIsD

12kV is a bit high, any HV diode above 4kV shougfime. We will need approx 20 of them.




Construction of the CW circuit

The CW circuit in picture 19 shows only 2 stagesattiplication (each stage multiplies the
input voltage by a factor, the more stage, the mbfeoutput). | don’t remember how many
stage | built, | would say 20 or 30.

H\ wire going in
he glass
chamber

2nd HV wire on
CW not necessary
| -I

Four 1N4007 1kV diode in serie= ne 4kV diode

In the first stage of the CW, you can use one 1N4fl6de. The voltage input is in the range of
the diode maximum voltage (1kV). But after somegstawe need HV diodes because the
produced voltage is higher and the diodes mayaiiad let the current pass. Instead of using
costly 12kV diodes, you can add several 1kV diadeseries to increase the maximum voltage.
But after 4, 1N4007 diodes you should put one 12kMle to spare time. If you have many
HV diodes, you can use them in all the circB¢ople always ask about the strange shape of
the CW circuit. Try to make some Art with capacatcand diodes !

Check in an obscure room if you don’t have too mdohnona Effect (a faint blue light). If it's
the case, remove all the spike (near the weldedesmiions), be sure that all stage are far from
another (in order to low the loss by dielectricak@own and corona).



Check if the HV power supply produce HV (use a n&mp for example, or make a spark
between the 2 output wires). Connect one HV cabteeé CW circuit. You should obtain a tiny

spark in the last stage.
You can use a free software, such as LTspice talate your circuit. You can construct it

virtually in the program, then you will obtain tfieal voltage of your CW circuit. A powerful
tool.

" 'LTspice IV - TM5_monophasic.asc "."#8 [=][=][x
File Edit Hierarchy Wiew Simulate Tools Window Help
M BJH 9 #F Qo e R & HaRE tb2EHa 88|l 30809 An op
TMS_monophasic.asc l TMS_monophasic.raw]
X3 ol x|

V{n007)

lllnurlunnrlln Ll"h"lm_'l.lrhr'LNWlN lJrILrlJnL|rLn[f|ﬂ]'LHU'WU'LNUU'LIHLJ’MNHI

i R ALY
JUUvEe

TM5_monophasic.asc =10 ﬂ
v2
PULSE{D9 1.5 .01 J01.11.51)
.inc SCR.sub
C3 C4 Ch C8 D9
1| 1| 1| 1| [~
] 1 ] 1 L1 [ g ;
100pF LOOpF LOOWF LOOUF MUR460 R
¥l
D1
@ pip D3 pz D4 ps D6 p7 D8 +|c9 < -
SINE(0 120 60) AV Fa v A~ Y N Y O~ TR \ouH
AC 120 mMulkE#e0 M0 i 2 M0
C1 CZ CS C7F
I | i |
100pF 100pF 100pF 100pF
fran0 20 .01 C . s C

The circuit on picture is just an example, it’s not yours

Part 7: Wiring

About the top peltier voltage

We choose 5V for the top peltier. But it could alsork at 3,3V, because there is less heat
produced at 3,3V than at 5V, so the bottom pedtagr more easily absorb it.

TN4001 or TN4007 diodes...

—L_—
—_1

] 1 L] ]
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t 1+ —_ 1 r 1 —_1—{ Lessthan

VI e S e B e, By N oy e e T
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ground




Unfortunately, there is no 3,3V on a molex cabley{mn the 24 wires plug, orange wires). But
you can obtain 3 or 4V with some diodes. Put themarallel so they will share the current and
won't overheat. Add them in series to lower theuinpoltage (one diode could lower the
voltage by 0,6V, in reality it's less than that)ow/can check the temperature obtained with 5V,
4V and 3V. My best temperature that | obtained ai&4,2V. But | didn’t had time to weld
dozen of diodes. Remember that you have 3 topepgltso you will need 3 times the above
diagram.

The V2 version was designed to work also with a 12V battery. | used some 12V=>5V
regulator but they become a bit hot, you can usded instead (you can see the regulators witt
the tiny fan page 5). The aim was to bring the d¢lomamber to desert locations (influence of a
granite soil on events) or in mountain (cosmic atidn is more intense with altitude), where no
power plugs was available. It worked nice, butverehad the opportunity to bring my setup in
such locations. It could be an interesting idedhrtog a cloud chamber to a camping, it could
be romantic !

Wiring
You should have these wires which will be connetbeitie molex of the main power supply :
12V and ground for Leds.
5V and ground for HV power supply.
3x 12V and ground for bottom peltiers.
3x 5V and ground for top peltiers.

2x 12V and ground for the 2 fans.
You can weld these wires to the white female malaxnector as shown in the picture below.

&

12V fan#2 7,

L\ ——c onhection ==
L A

—z——" >\ fan #1

Ay iy

Led switch :




Part 8: Sealing the glass chamber and embellishment

Before sealing (in fact we can remove it easily) the chamber to the 2™ layer of wood,
check if you have good temperatures with the plastic bag. Once you are sure that all is
OK, put some strip of Patafix on the wood, according to the dimensions of the basis of
the glass container.

Ancient trace of patafix &S
for the big container

Put some Patafix on the 2 wood [er or on the wood pieces.

Then, for a first test of working, just place the glass chamber on the Patafix. Don’t put
too much pressure on the glass chamber to hold it tightly with the Patafix (REMENBER
that the base that support the chamber is fragile : it's held with the plaster around the
heatpipes !)

Use your finger to fill the holes, you should have no leakage in the interface
glass/Patafix. Be sure that the chamber is horizontal (use a bubble level).

Once the chamber is fixed, you can make a test of working. Go to the Part 9 :
Revealing the Invisible. If you see some particles, continue this part with the
embellishment section.

Embellishment

Put some discrete mark on wires to know were theesawill go (if you have to repair the
setup in future). Use your creativity to hide thasger, the wires and the Patafix : you can use
the same black felt from the alcohol support, d&ll The first wood plate allows you to fix the
felt with discrete staples. You can use cyanoceyttie, but don’t put too much otherwise the
felt will become very hot (it's always reacting iglue).

To manipulate the whole setup, you can staple swhe straps to the wood basis. See the nex
pictures.

Finally, you can find a nice tiny wood box to stdéh& common sources. It's more useful that
you may think.



[Support to %epaihtiﬁéj the wood
manipulate base...
he whole

Ssetup

/Q staples

View : under
the wood
plate




Part 9: Revealing the Invisible

First, buy this little container on
dealextreme. The quality is very
Pt 100 S peswene satisfying. | put some alcohol during
EUR 0.869 (for reference)

weeks and | never had a leakage.

Mini Container Bottle with Funnel

SKU 5030

http://www.dealextreme.com/p/mini-container-
bottle-with-funnel-5030

ay @ _|©

@ Overview @ Buy 3+ and Save (5053 ~ $0.73 It1S Very easy tO use the CIOUd Chamber
@InStock:ships\n2to4dayst5108dun'ngnewyeal Wlth thIS Ilttle Contalner because It don,t
throw to much alcohol (only drop by drop) on thiste

Share your own customer images

Starting

, Put on each piece of top felt, 20 or 30 drop
Add approximately [ of alcohol. Put some alpha sources such as
PR Am241 (best) or radium on the other piece
\ of wood, in front of the leds. Viewing alpha
e = Nl P>l particles is easy and depending on the
P some i @ Vgl N quality of these tracks, we can set up the
SN \ . W A | other parameters (electric field, quantity of
s 2 @ W, / alcohol).
High voltage should be off, put the clamp of
the HV wire of the chamber, to the output of
the CW circuit. Led should be on. Main

supply is on, so fans are on.

After some seconds, you should see a mist (pi@de it's the condensation of vapor into
droplet. The density of droplet should be highe like picture 21.

After 1 min, you should see near the Am24
source some very fat, big tracks. We will u
the electric field to clean the unwanted ions
obtain a good quality of track. Put the cla
to the last stage of the CW circuit. Switch ¢
the HV power supply.

The alpha tracks should jump from chaos.

If this short test is working, you can now remokie glass chamber, and cover the interaction
surface with some Edding 8400 marker to have @&betintrast. Be sure to not rub the surface
with some minerals, the layer of marker is fraghéer months of use, the plastic bag may be
scratched or damaged. You can change it easil\elmpving the glass chamber, the leds and
the pieces of wood which left (I prefer to remoke piece of wood which hold the leds, instead
of removing the led on the wood).



Part 10 : Troubleshooting

High Voltage

Touch with your finger the output of the CW generatyou should feel a slight shock
indicating that the HV is working. You can makepak between the final stage and another
stage (the first) to see if there is HV on the &age.

If the output is less than usual, check if youehaesme stages that are too close together (yo
can use a dark room to locate where some coropatesf present, remove the welded spike in
this case). A capacitor may also have failed inages put the HV input from the HV power
supply to another stage. If you are in hurry, usly the high voltage power supply and put a
HV diode on the output : you will obtain a DC higbitage.

Respect the polarity (the HV wire in the chambeyudth be a +) if you are using an other type
of HV generator. Use a plastic cup, or a balloat, df static electricity if you have no HV
generator.

Temperature of Interaction Surface

You should have a temperature on the plastic irn2B£40°C range. If you are watching a mist
of alcohol, the temperature might be good, but kheith a thermometer. If you obtain a

change of temperature after months, it's probalggolhlem with the peltiers or thermal grease.
(V2 version was stable during 6 month, but somethimoved during a transport and it was
malfunctionning). This design allow you to repa@asily" the peltier system : remove the
chamber and the patafix, remove the 4 pieces ofdwoemove the plastic bag, and check
temperature on peltier.

You can see rapidly if the temperature of the si@fs good : just blow some air on it, ice
should form nearly instantaneously. You can chds& with an ampmeter the intensity going
in each peltier. 12V TEC should get 5 or 6A, 5V gpprox 2A.

Obtaining tracks

Temperature, HV and luminosity are critical paraen&t They should work without problems.
Anyway, it could be difficult to obtain some tradiscause this experiment is dependant of the
outside conditions (temperature of room, ventilgtte) which are subject to change. If your
room is full with a public, you have to take thrgd account : think about the infrared light
generation and the absorption of theses wavelebghthe dark interaction surface : don't
perturb too much the equilibrium in this case. To¢ air that you introduce in the chamber
(when you put a radioactive source) is increadnegtime needed to have a newer equilibrium.

Don't put too much alcohol on the felt. If therdaa® much alcohol, you will produce a lot of
vapor and it will be difficult to have stable cotdns because of the convection (there will be
some distorsion on track too). It's an importambpgeter often underestimated.

Check the formation of the mist. When there is @ak&ge between the basis of the glass
chamber and the patafix, you could see some sto¢ampor which goes near the leak. Be sure
that the basis is sealed so that no air is goitgega@hamber. You can place a book on the lid of
the cloud chamber to reinforce the sealing (dart't@o much mass, the plaster is fragile).



When there is too much alcohol, you will have tatvealonger time to see the particles. In
normal condition, this cloud chamber can displagkrin less than 2 minutes.

When the cloud chamber needs more alcohol, youseanthat the background mist is less
dense than usual. Add some drop of alcohol togh€Z0 for each felt should be fine).

When there is too much electric
field, you will see some fountain
of alcohol condensation (picture
% in left). Reduce the electric field

£ by attaching the clamp to an
other stage of the CW generator
(pic. 22 with two Am241
source).

Sometimes, there is too much
electric field. Switch off the
HV  power suppy, and
discharge the capacitors of the
CW circuit by touching the last
stage of the circuit.

Note : you can touch the HV
wire because the intensity is in
the microamps range, as the

!
Clamp is
attached to the

last stage = circuit is built with 1000 pf

maximum HV
output

capacitors ! if you put bigger
capacitor, check with Ltspice
the final intensity output ! you

can touch the HV from the CW
generator, but not the HV from
the HV power supply ! you

must have a dry hand without
humidity if you want to touch

the CW circuit. Otherwise you
will better feel the shock than
usual.

Then, put the HV again when the equilibrium is redy equilibrium, | mean the instant when
the interaction surface seems to have big, spretxdek (with an alpha source), or when you
can see that the mist seems to "boils" near thecesu

Alpha track are the reference. They should be fhime thickness of these track depend on the
electric field. | would say the more electric fietde thinier the track, but you will see too much



HV artefact. Play with the output of the HV to knavhich CW stage performs the best (it
depend on external conditions too).

Remenber that you need to wait until the thermodyoaquilibrium is obtained. You have to
be patient if you perturb this equilibrium, by imdiucing radioactives sources in the chamber.

After dozen minutes of use, you will see some tigalicohol which condensed on the surface.
You have to pump this liquid alcohol with a syrieg(use a DX thermal paste syringue) and
reinject it into the felts. You must'nt have to rhdmuid alcohol in the bottom of the chamber

because it can be in contact with the wood and taéenuch energy from the peltiers. If you

painted the surface with some Edding 8400, tryump the alcohol not on the surface, but on
sides.

Part 11 : Spectacle

Here is some advice to make a show in front ofthigic, or just for your eyes.
You need to interest people in the first sightythen't have to search for particles. So you will
start with alpha sources.

Am241 is easily obtenable from
ionization smoke detectors. If you
put an Am241 source, you will only
see the end of tracks. Their is too
) much nucleation site created near the
R origin of the source because of the
presence of many particles : we can't
discriminate each track so we see a
"boiling" area. (picture in left).

To see a complete track from an
Am241 source, you have to put
some patafix on the source : no
alpha will pass. Make a very tiny
hole in the patafix to let some
particle pass. You will see complete
track because there is less particle, saturatiaritvappear.

You can place in the chamber an uncollimated soof@&m241, and another with a tiny hole.
People will show a complete alpha track, and thmerous particle emitted by the naked
source of Am241. You can speak about the rang&baaarticles in air : 3 or 4 cm for 5 MeV
particles, its effect about health, where does An@sime from...

Radium hands are a good example of sources. Yotirwhn
some on ebay, or you can contact panirai@iafrica.from
vintagewatchmarket.com. He have many of radium saond
| sell, at a very good price (nearly 10-15$ for 2hhagtivity

, hands). They emit less alpha than Am241 (hopefdly
*watch holders !)




To continue the spectacle,
you can put a tiny piece of
uraninite or pechblend in
the chamber. It's very
impressive to see that the
stone emits "track" (origin
is the source). As it's a
natural stone, the public
accept it more easily than
Americium coming from
nuclear waste.

The production of radon with uraninite is generaliyak.

When you have finished with alphas source, you garfurther with some thorium-based
mineral, such as thorite which emit thoron, a gasducing spectacular double track. There is
other interesting mineral such as samarskite, orighite. Check ebay.com or get them on

minresco.com

- | =t
- 5
€,

Right : thoron gas introduced in the chamber

Fantastic double decay from a thorium based mineral.

METATORBERNITE ]EBE
Mool Mine, Kofwezi,

In left, some mineral from minresco.com. The enabgeh
thorite was probably the most incredible deal. The
production of thoron is enormous (picture 23) !

5 Uranothorite :
used _m Rosa No. I Trench, Mount Rosa,
the pic. |[E Paso County, Colorado

To know what is the origin of this L or V shapegkoat the decay chain below :
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Origin of the "V" shape coming from Thoron decay

It exist four decay chains. U238, Th232, Np237, &a8e the natural parents of their chains.
Np237 and other nuclides (when Zzy¢were created with the remnant of supernovaeutiro
the nucleosynthesis. These radionuclides then Hedetrth at its creation, and we are now
excavating these nuclides for our energy. But thaye all the same origin, and are maybe
several times the age of the Earth old.

Nowadays, we can't find in nature the nuclides Wwhiave a "short" half life such as Np237
(T2 = 2,14 million years). As the age of the Earthbsut 4,5 billions years, all these short half
life nuclide are now extinct, only their daughteanexist nowadays if they have a long half life.
It's not the case for the Np237 decay chain, andraret find theses nuclide in nature.

Isoptic composition of uranium is 99,3% U238 and%,U235. The proportion of U235 is so
weak that this decay chain can be ignored (unlésgou are making some gamma
spectrometry).

So, there is 2 decay chains where we can finchalldiecay daughter in a radioactive mineral,
the Thorium 232 and Uranium 238 family. The projoriof Th232 and U238 in a mineral will
give different observations, in the first case w# see some double decay from the thoron
(Radon220) and in the last case, only one alpltk taming from the disintegration of radon
222.

Samarskite mineral in the cloud chamber
When you place in the cloud chamber a mineral whattain more thorium than uranium, you
will see :

» Alpha and electron where their origin is the mihera

* More double alpha decay than singles which canapipeany point on the interaction

surface.

The alphas and electrons escaping from the mirsmlemitted by the disintegration of the
nuclides of the 2 decays chain.
The double decay (or single one for Radon 222pavduced by the successive disintegration
of Radon220 (Thoron). A step in the Th232 decayircie the production of Ra224 in the
mineral. When this radium decay, it produce RadOn&8ich is in a gaseous form. If the gas
can escape from the porous mineral without decayiraan fill the glass chamber and start to
decay in any point of the surface. Thoron have atshalf life : 55 seconds, decaying to
Polonium 216 which have a lesser half life : 0,24.sT'he Polonium 216 then decay with the
emission of an alpha particle to Lead 212, betatenwith T,,=3,1min.



So the double alpha track that we could see incttember come from the disintegration of

Thoron into the unstable Polonium, which give arotiipha to produce Lead 212. We see the
both alpha coming from these "simultaneous" doulgleay. We can't see the electron emitted
by the Lead 212 because the half life is longem&ames you can see that the 2 branch of the
V shape is not equal in length. The 2 alphas edhdten’'t have the same energy.

With an uranium based mineral, we can see onlyabplea track, coming from the decay of
Radon 222 into Polonium 218. But in this case, Bodonium 218 is more stable than the
P0216.

Back to the Spectacle

Before saturating the chamber with thoron or
radon, you can use some thorium doped
welding rod to see the alpha and electron
emitted by this weak source. You will learn that
the highly radioactive stuff (artificial or
natural), are not the most interesting to see
because the chamber will saturate (remenbe
the observations with a naked source of
Am241). You will find these thorium rod on
ebay (they are more and more scarce).

If you are patient you can put some KCI salt inirgy fplastic bag, and see the "possible”
electron (1,46 MeV) emitted by the decay of K40t the half life is enormous (1,27 Billion
years) and the isotopic composition very low (0,0%), so you will need a lot of KCI to have
a descent amount of K40 nucleus !

If you need a good source of thoron, you can bugyesthorium mantles. They are more and
more rare nowadays, but you can find some on
http://www.pelam.de/product info.php?cPath=30 52 8%products id=401

tank (battery filler)

sponge or cloth

Pelam.de thorium mantles and a Radex 1706 Battery filler containing some mantle (8 is fine)

You can cut them and place them in an enclosedatwrt such as a car battery filler. The

thoron will accumulate in the tank, then you cammhthe gas in the chamber. But you need to
introduce it very gently in order to keep the eipuilim. Open the lid to insert the funnel and

press gently the container to put some Thoron.speetacle will remain some minutes (several
period of gas).



There is many other historic item which were (atitlare) radioactive, but nowadays they are
difficult to find. A good site to pick up some ideaperiodictable.corfrom Theodore Gray.

You will find also some trinitite specimens on n@saco.com. They contain a slight
radioactivity (Plutonium) and produce few tracksthme cloud chamber. It's more to have an
historic mineral than making a demonstration sourdee chamber for the public.

Read this publication http://www.ecolo.org/documents/documents_in_engflishitite-JER-2006.pdf

You can check my videos on youtube about some @imeilo have an idea about the

interactions displayed.
http://www.youtube.com/watch?v=T8A1UAuxp7g

Viewing the natural and cosmic radiations

You will need a strong Neodymium magnet to identifg charge of particles. The magnet that

| used in the V2 version was a 4x4x2cm N42. A ggengrade or a bigger magnet is much

more interesting than my "tiny" magnet. | saw oayebome 4x2x1 inch at 70$, so nearly all

the interaction surface will be subject to a maigrfetid !

There is several Java applets to play with thengtreof magnetic field to deflect the particles.

You can also measure the momentum of theses gartigth the radius of curvature.
http://www.kcvs.ca/site/projects/physics.html

So to view the natural radiations, you need ...soarces !
except a room build with concrete (it contains somuelide
from the Th232, U238 and K40 chain), and some luat
cosmical showers. The electric field must be séstaaximum,
where the first fountain of condensation startafgpear. Be sure
that no excessive amount of radon or thoron remdihen you
have to wait for events. Some examples are preddgow
(from the V2 version) :

24: A track enter in left in the cloud chamber andas$ really deflected by
the magnetic field, due to a high mass. Then nK&i and is deflected to
left by the magnetic field : it's now a lighter pale, a positon which in
fact come from a* decay. The two neutrino are not detected

About 10,000 muons reach every square meter of thearth's surface a minute Traveling at
relativistic speeds, muons can penetrate tens of iees into rocks and other matter before
attenuating as a result of absorption or deflectiorby other atoms. Paralell track of muons come
from the same comic ray shower .
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25: An energetic beta particle (often electron) is Kiog orbiting electron out of one atom. We can gee
original electron deflected with an ejected elettaba few keV of energy. This event is called &ltBray”.

26: lonization of an atom with an incoming muon or &lea (delta ray). Sometimes a big ionizing track
appears in the chamber : it may be generally arraécay, or perhaps a nuclear reaction with a oeu8ome
recoil protons ejected by neutron may be obseniddthinier track than alpha particle

27 The annihilation of a gamma produce a pair of Ipadicles. The magnetic field, which go into the@a
deflect the positron towards left (The radius afvadure is given by the Lorentz’s Force by R=mv(Bq)

But something happen, mid flight : Strangely, tlusippon start curving in the opposite directionifag had

suddenly become negatively charged. What has happsrthat the positon has run head-on into artrelec
transferring all its momentum to that electron.sTtein only happen if the mass of the positon isletguthat of
the electron. The positon that stops would evehtinrave been annihilated.

Some reminders :

Cosmic ray : 90 % p, 9% alpha, <1% e-y Energy > 15 eV

A collision of an incident cosmic proton with a nutei of atmospheric gases produce a “showeér
of particles with the production of neutrons, pionsa and kaonsk which quickly decay into
Muons u (1936) :

Because muons do nanteract strongly with the atmosphere and becausef the relativistic effect
of time dilation, many of these muons are able tosiach the surface of the Earth.

Lifetime : 2.2 pus  Mass : 207 times electron’s mass

L — € + U+ Uy, ,u.+ — e+ + Uy

Due to their greater mass, muons areat as sharply accelerated when they encounter magine
fields, and do not emit as much Bremsstrahlung radition. They lose their energy only witt
ionization, and thuspenetrate matter far more deeply than electrons.

Compton scattering Recoil - Photoelectric or Compton effect: In
electron air, gamma do mostly photoelectric

@ interaction under 30 keV, compton
e above 30 keV and pair creations abov
Incident alactron .* 10 Mev.

Target

photon at rest .~

1 Scattered

14+ (1—cosO)hv, [ m _c? 7}, photon

=




Alpha particles  : are He** nucleus, 7350 times more heavier than electron sare not easily
deflected by electromagnetic interaction. Due to #ir mass, their speed is lower and because of t
high charge, alpha particle lose rapidly their enegies with ionization, thusare easily absorbed b
materials. Kinetic energy range from 3 to 7 MeV. Foan alpha particle of 5 MeV (from Am241) :
15.000km.$", 5000 ionization pemm in water, maximum range of 5¢um in water or 4 cm in air.

Béta particles : are electron or positon which have the same mass but ppsite charge. Their spee
is close to the speed of light (1 Mev~0.941c). Dteetheir little mass, they are easily deflected |
electromagnetic interaction. Because they can easiiccelerate when they come close to an ato
they lose most of their energies with Bremsstrahlupm They produce less ionization than alph
particle due to their monocharge, thus have a higher range. Positron whemérmalized, annihilate
with an electron to form gamma rays. For a béta paicle about 2 MeV :

Range : 6 meters in air, 1 cm in water, 3 mm in alminium, 10 ionizations perpm in water.

241Am decay. Americium 241 is a by product of the fission 0235U and decay inb 237Np with the
emission of 5.5 Mev alpha particles, 60 keV gammaays and few keV conversion or Auge
electrons . It has a half life of 432.2 years. Themount of 241Am inthe picture is about JuCi. The
end of alpha track is often dense due to the “Bradgeak.

Gamma rays : They are not detected in a cloud chamber becauseetbe “particles” which are alsc
electromagnetic radiations, are neutral and don’t dose enough energy to give nucleation sit
They can interact in matter with Photoelectric, Conpton, or Pair creation effect and produce
secondary charged particle which are detectable. Ploelectric effect is the transfert of all the
gamma’s energy to an electron which is ejected fromn atom. Compton effect is the inelasti
scattering of a gamma with an electron who r@ ejected. When gamma energy is above 2x0.E
keV, the gamma can disappear and form a pair of bétparticles. For a gamma of 1 MeV, it nee
900 meters of air to absorb 50% of the gamma, 5.-cof concrete, or 0.85 cm of lead.

Capture of events, further investigation. ..

To take pictures of events, you need a camera,seitiie options : sensibilty ISO, aperture, HD
format. There is some positions where the viewpigifietter (for the camera and for eyes) :
front of the led, just a little above (don't satarthe camera with the high luminosity of led).
Take moviesf the events and use a tripod and a high spaceonyecard. My camera was a
Lumix FZ28, but now there is other camera which pgarform better.

Building a neutron source

Certain isotopes undergo spontaneous fission wiilssson of neutrons. The most commonly
used spontaneous fission source is the radioastwepe californium-252. Cf-252 and all other
spontaneous fission neutron sources are producedalating uranium or another transuranic
element in a nuclear reactor, where neutrons aerbed in the starting material and its
subsequent reaction products, transmuting therggartaterial into the Cf-252. Only about 3%
of the decays of Californium-252 are by spontandissson, but even so, Californium-252 is
over three orders of magnitude more efficient attroe production than an AmBe source of
the same activity. Californium-252 produces an ager2.3 MeV (6 MeV maximum) neutron

as compared to the average 4 MeV (11 MeV maximumpA neutron. When purchased new a
typical Cf-252 neutron sources emit between 1x10”7x10"9 neutrons per second but, with a



half life of 2.6 years, this neutron output rateh to half of this original value in 2.6 years.
The price of a typical Cf-252 neutron source irfr$15,000 to $20,000.

Neutrons are produced when alpha particles impinge
upon any of several low atomic weight isotopes
including isotopes of lithium, beryllium, carbondan
oxygen. This nuclear reaction can be used to cactstr
a neutron source by intermixing a radioisotope that
emits alpha particles such as radium or americiutm w
a low atomic weight isotope, usually in the formaof
mixture of powders of the two materials. Typical
emission rates for alpha reaction neutron sour@eger
from 10 to 10 neutrons per second. Usual
combinations of materials are plutonium-beryllium
(PuBe), americium-beryllium (AmBe), or americium-
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Construction of the neutron source with an_ Am®Be device :

A round of Beryllium metal from ebay member vinmaeh.
Diameter is 1cm and thickness about 300 um. Pmmrly 30 $

Smoke detectors (ionization g i
=% technology type) contain a smal ’ ...
- amount of Am241. Nearly 1 uCif
" is sealed in a gold matrix to :
~ make sure that corrosion does

~ not break it down and release it.

Due to the dimension of the beryllium layer, 7 ArhZburces are stick together and placed
near the beryllium in a copper mount.

of a ZnS (Ag
screen with

The beryllium is not mixed with the Amxide, but we will assume that the calculus may be
the same. So with a 7 uCi Am241 alpha source, waldrexpect an emission of 15.3 neutrons
per second with 4 MeV average energy.

A short view in the cloud chamber (the neutron ceus contalned in a plastic bag in right)

| never observed this type of event without thetrmeu source. It may be a double proton
collision : one neutron emitted by the source stakmolecule of water or alcohol and eject one
proton, which eject 2 other protons from anothetetale. We observe 3 thick tracks (so it
could’'nt be delta ray) and which have the samedensity. | didn’t had time to pursue more
my investigations about this neutron source, batewents in cloud chamber are different. See



the next pictures (the source is in the plastic imosight). It could be protons, making highly
ionized track because their velocity is slow. (ireavord : * NUMBER OF BUBBLES/CENTIMETRE ~ 1/v”. )
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These events were taken during a 15 minutes maAltief theses tracks take theirs origin from
the source.




Documents

THE website about the bubble chambers. It's a lygautreasure of informationsyyve

Introduction to the B site /

Bubble chamber photographs provide an insightful infroduction to the exotic shor-
lived particles that emerge from all high energy accelerator experiments. When they
study proton-proton collisions at the LHC, most of the particles that the physicists will
pick up in their madern electranic detectors will be ones firstidentified in bubble
chamhers and their precursors, cloud chambers and photographic emulsions.

Since they show actual trails of bubbles that are formed as charged patticles force @
theirway through an unstahle liquid, bubble chamber pictures are perceived by non- Lc
patticle physicists as real, and therefore a good way to introduce particle physics. The /
pictures themsehes are quite often easy to understand in an intuitive, qualitative way.

P
The pictures, moreover, possess a mysterious, cosmic beauty that is particularly 3
appealing to the non-scientist. /}2
A
Pty

Stirmulated by the wark of participants atthe CERN High School Teachers' Summer
School over the last few years, this is a limited mini version of a Website aimed at
teachers warld-wide. Eventually it is hoped that it will be extended and will appear in

many languages. &Y

What is patticle physics ? f;.‘_f’__“..d/l,

How does a bubble chamber wark? /"‘_"“~

How does one read' bubble chamber pictures? A step-by-step tutarial.

AStiould vou like fo see a .. % gallery of pictures with descriptions. showing

exarnples of many of the paticlas that come out of particle collisions. Some of  For a summary of the decay properties ofthe maost commanly produced particles i
these are very simple and illustrate ordinary concepts such as marmentum bubble chambers, click here.

congeration and charge congervation in an esoteric setting.

Aglossary ofterms used. “Wery often, padicles leave the hubble chamher without revealing their identities -
Frequently asked guestions, making it impossible to say what happened just by looking at the picture.

To extract as much information as possible from the pictures itis necessaryto
measure them, and analyze the results.

http://teachers.web.cern.ch/teachers/archiviHST200%ble chambers/BCwebsite/index.htm

The nobel lecture from Blackett :
http://nobelprize.org/nobel_prizes/physics/laursdi@48/blackett-lecture.pdf
The chart of the nuclides and their nuclear proprigy :
http://www.nndc.bnl.gov/chart/
A site where you can estimate the flux of a NdFeB agnet :
http://www.magnetsales.com/Design/Calc_filles/FlexiBityPlainRect.asp

GOOD LUCK WITH YOUR CONSTRUCTION'! =)

(you are welcome to send me your design or your events !)



